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INTRODUCTION 


A  program  has  been  initiated  for  improving  the  Navy's  fleet  mooring 
capability  through  tests  of  existing  fleet  moorings  and  a  range  of 
conventional  anchors  in  use  and  projected  for  use.  These  tests  by  the 
Civil  Engineering  Laboratory  (CEL)  are  being  performed  in  seafloors 
typical  of  Navy  fleet  mooring  sites  in  conjunction  with  Navy  Public 
Works  Centers  (PWC)  where  possible.  In  addition  to  the  gathering  of 
data  on  mooring  and  anchor  behavior,  anchor  installation  and  proofing 
procedures  are  being  evaluated  to  determine  those  most  effective  within 
the  capabilities  of  PWC  personnel  and  equipment. 

Ultimately,  the  test  data  generated  can  be  used:  (1)  to  simplify 
and  refine  anchor  selection  and  sizing,  (2)  to  enable  stipulation  of 
anchor/mooring  installation  and  proofing  procedures,  (3)  and  to  improve 
the  Navy's  confidence  in  its  moorings. 

This  report  presents  the  results  of  site  surveys  and  of  instrumented 
anchor  and  mooring  tests  in  the  harbor  at  San  Diego,  Calif. ,  and  at 
Indian  Island,  Wash.  Test  data  on  Navy  Stockless  and  STATO  anchors  are 
presented  for  immediate  use  by  the  Navy  for  selection  and  sizing  of 
these  anchors  for  sites  typical  of  San  Diego  sand  and  Indian  Island 
silty  clay  seafloors. 

Test  data  are  presented  primarily  as  plots  of  anchor  penetration, 
holding  capacity,  shank  pitch,  and  shank  roll  as  functions  of  anchor 
drag  distance.  These  data  allow  complete  isolation  of  anchor  behavior 
from  mooring  behavior  and  will  ultimately  enable  the  development  of  an 
empirical  scheme  to  predict  anchor  behavior.  This  task  is  underway  and 
is  scheduled  for  completion  during  FY81. 


PROGRAM  OBJECTIVES 

The  following  are  the  specific  program  objectives: 

1.  To  determine  the  capacity  of  selected  existing  moorings  by 
proof  testing  to  establish  mooring  limit. 

2.  To  determine  more  accurately  the  capacity  of  the  Stockless 
anchor  at  typical  mooring  locations. 

3.  To  determine  a  means  for  efficiently  using  Stockless  anchors  in 
tandem  and  thus  expand  the  use  of  the  Navy's  current  anchor  inventory. 

4.  To  evaluate  the  operational  practicality  of  using  the  Stockless 
anchor  with  welded  open  flukes,  since  tests  have  indicated  higher  capac¬ 
ities  for  the  anchor  with  this  modification. 

5.  To  determine  the  capacities  of  high  efficiency  anchors  in 
seafloors  typical  of  Navy  sites. 
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6.  To  gather  site  and  anchor  performance  data  to  enable  the  devel¬ 
opment  of  an  empirical  procedure  to  predict  the  behavior  of  typical  Navy 

drag  embedment  anchors. 

BACKGROUND 
Stockless  Anchor 

Most  of  the  Navy's  existing  fleet  moorings  use  the  stockless  anchor 
This  anchor  was  never  intended  for  use  as  a  permanent  mooring  anchor; 
its  primary  purpose  was  as  a  ship's  bower  anchor  for  temporary  mooring. 
The  Stockless  anchor  was  not  designed  for  high  efficiency  (high  holding 
capacity  to  weight  ratio).  It  was  designed  to  be  easily  stowed  in  a 
ship's  hawse  pipe  and  to  be  easily  recovered  after  use;  deep  penetration 
was  not  desired.  Efficiencies  of  this  anchor  type  are  reported  (Kel  1, 
2,  and  3)  as  approximately  2  in  mud  and  4-1/2  in  sand  after  setting. 
Since  the  largest  Stockless  anchor  available  to  the  fleet  weighed  30,000 
pounds,  the  maximum  capacities  would  be  60,000  pounds  in  mud  alter 
proper  setting  in  sediment  deep  enough  to  accommodate  expected  penetra¬ 
tion  (20  feet  to  fluke  tips)  and  135,000  pounds  in  sand. 

Many  of  the  sites  at  which  the  Navy  has  fleet  moorings  have  a  soft 
mud  seafloor  to  the  maximum  expected  anchor  burial  depth  or  soft  mud 
seafloors  overlying  stiff  clay,  sand,  or  coral.  This  latter  condition 
could  cause  very  poor  anchor  performance  because  proper  anchor  embedment 
might  be  prevented  by  the  harder  substrata.  Embedment  into  the  more 
competent  sediment  substrata  is  unlikely  if  it  is  significantly  stronger 
than  the  surface  mud  or  simply  if  it  is  granular,  thus  requiring  a 
reduced  fluke  angle  for  embedment  at  this  interface. 

Stockless  anchors  are  currently  used  in  up  to  class  AA  moorings. 

In  a  mud  seafloor  a  single  30,000-pound  Stockless  anchor  is  suitable  for 
mooring  class  F  and  marginally  suitable  for  mooring  class  E.  This 
suitability  is  contingent  upon  proper  setting  and  sufficient  sediment  in 
addition  to  the  acceptability  of  a  minimum  safety  factor  for  mooring 
class  E.  Because  of  equipment  and  procedural  limitations,  lack  of 
funds,  or  lack  of  personnel  training  in  anchor  use,  mooring  anchors  are 
typically  not  preset,  and  the  existence  of  sufficient  sediment  for 
proper  burial  is  often  marginal  or  unknown. 

The  Stockless  anchor  is  in  great  supply  in  Navy  inventory  and 
replacement  funds  for  new,  higher  efficiency  anchors  will  come  slowly; 
thus,  it  is  important  to  make  use  of  the  inventory.  To  do  this,  however 
some  operational  complexities  will  necessarily  be  introduced.  Tests 
(Ref  1)  of  the  Stockless  anchor  in  mud  with  flukes  free-swinging  and 
with  flukes  welded  open  show  significant  increases  in  efficiency  for  the 
latter  condition,  4  versus  2,  indicating  that  the  anchor  flukes  did  not 
open  completely  or  at  all  for  the  free  swinging  (usual)  condition. 

Towne  (Ref  1)  briefly  experimented  with  Stockless  anchors  in  parallel 
(side-by-side,  attached  to  a  single  pulling  point  through  a  length  of 
chain).  Results  showed  that  the  anchors  tended  to  come  together,  and 
that  load  equalization  was  of  concern.  Once  the  anchors  come  together, 
they  will  not  re-embed,  thus  losing  the  safety  advantage  of  this  basic- 
anchor  type.  Use  of  anchors  in  tandem  (series)  is  an  alternative  to 
enable  more  effective  use  of  the  Stockless  anchor.  However,  unless  the 
anchors  are  properly  rigged,  the  capacity  of  two  anchors  can  be  less 


than  that  for  a  single  anchor.  Laboratory  experiments  (Ref  A)  have  been 
performed  to  determine  an  appropriate  rigging  technique  for  tandem 
anchors.  The  laboratory  tests  suggest  rigging  methods  for  tandem  fixed 
and  movable  fluked  anchors  that  appear  feasible  in  practice.  Both 
possibilities,  welded  open  flukes  and  tandem  anchors,  would  introduce 
additional  installation  complexity  but  could  expand  the  use  of  the 
existing  Stockless  anchor  inventory. 

STATO  Anchor 

Limitations  in  the  use  of  the  Stockless  anchor  may  still  exist  even 
if  the  approaches  suggested  previously  can  be  successfully  utilized. 

For  some  mooring  classes  other  higher  efficiency  anchors  may  be  required. 
One  such  anchor,  the  STATO  anchor,  was  developed  by  the  Navy  to  effi¬ 
ciently  fulfill  a  variety  of  Navy  anchoring  needs.  The  STATO  is  recog¬ 
nized  as  the  forerunner  of  a  new  breed  of  high  efficiency  anchors. 

During  its  development,  it  was  tested  exclusively  in  two  types  of  sedi¬ 
ment,  San  Francisco  mud  and  Port  Hueneme  sand  (Ref  3).  Its  design  and 
rated  capacities  (20  to  1  in  sand  and  13  to  1  in  mud  at  50  feet  of  drag) 
were  established  for  these  two  seafloors.  The  behavior  of  the  STATO  in 
other  seafloors  will  be  different;  the  differences  for  the  Naval  sites 
of  interest  could  be  slight,  but  without  verification  higher  factors  of 
safety  would  have  to  be  employed  at  "unknown"  sites. 

High  Efficiency  Anchors 

Many  new  high  efficiency  anchors  have  been  developed  and  are  avail¬ 
able;  however,  performance  data  are  limited  to  advertising  claims. 
Advertised  data  suggest  extremely  high  anchor  efficiencies.  If  these 
data  can  be  verified  then  these  new  anchors  have  the  potential  for 
significant  cost  savings  to  the  Navy. 


TEST  PROGRAM 

To  resolve  uncertainties  in  mooring  capacity,  anchor  selection, 
sizing,  configuration,  and  installation  procedure,  prototype  testing  at 
Navy  sites  with  typical  seafloor  conditions  is  underway.  In  addition  to 
the  prototype  tests ,  development  of  a  predictive  technique  which  depends 
on  those  engineering  properties  of  the  soil  that  govern  soil  reaction  to 
loading  by  the  embedded  anchor  and  chain  will  be  needed.  Engineering 
properties  are  not  a  factor  in  presently  used  prediction  schemes;  capacity 
is  always  stated  in  terms  of  holding  capacity  to  weight  ratios  and  is 
usually  based  on  a  few  tests  in  idealized  soils  (a  sand  or  a  clay). 
Relating  capacity  to  engineering  properties  has  the  potential  of  enabling 
more  accurate  sizing  of  different  or  larger  anchors  or  anchors  used  in 
seafloors  in  which  they  have  not  been  tested. 

Locations 


After  a  lengthy  pre-selection  process  which  evaluated  such  things 
as  available  site  boring  logs,  geologic  charts,  and  site  support,  three 
sites  were  selected  for  detailed  site  surveys:  San  Diego  Harbor,  Calif., 
Indian  Island,  Wash.;  and  Subic  Bay,  Phillipines.  Indications  were  that 
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these  sites  would  provide  a  cross  section  oi  seat  loo r  types  typical  of 
Navy  fleet  mooring  sites  as  well  as  very  uniform  soj 1  deposits  to  avoid 
confusion  in  data  analysis.  The  surveys  verified  the  suitability  of  San 
Diego  and  Indian  Island  sites;  the  Subic  Bay  survey  results  were  incon¬ 
clusive.  Fortunately,  a  survey  of  Apra  Harbor,  Guam  was  being  performed 
by  Chesapeake  Division  Naval  Facilities  Engineering  Command.  These  data 
were  provided  to  CEL,  and  they  indicated  that  Guam  would  be  a  suitable 
third  test  site.  Anchor  tests  at  Guam  have  been  completed  and  results 
will  be  published  in  a  subsequent  report. 

The  locations  of  the  anchor  tests  and  cores  at  Sail  Diego  and  Indian 
Island  are  shown  in  Figures  1,  2,  and  3.  For  reference,  the  typical 
orientation  of  the  test  barge  (shown  to  scale)  during  tests  of  anchors 
and  moorings  at  San  Diego  is  shown.  The  lay  of  the  mooring  legs  is  also 
shown  for  San  Diego  moorings . 

Site  Survey 

The  site  survey  at  each  test  location  consisted  of  underway  acoustic 
subbottom  profiling  using  a  5-kHz  sound  source  and  a  hydrophone  array 
and  recorder,  and  coring  using  a  10-foot  piston  corer  and  an  Alpine 
vibracorer  for  cores  typically  to  20  feet.  One  40-loot  core  was  attempted 
at  Indian  Island;  28  feet  of  core  were  recovered.  The  acoustic  survey 
was  performed  to  rapidly  assess  vertical  and  areal  uniformity  to  aid  the 
site  selection  process.  The  profile  did  not  prove  effective  at  the 
shallow  water  (10  to  15  feet)  tine  sand  site  at  San  Diego  or  at  Indian 
Island  where  gassy  sediments  caused  confused  records.  Fortunately,  the 
vibracorer  provided  a  rapid  and  easy  alternative  means  to  assess  soil 
properties  at  probable  test  locations. 

Each  core  was  cut  into  5-foot  sections  and  transported  to  CEL  for 
determination  of  the  engineering  properties.  Usable  soil  strength  data 
were  not  obtained  from  the  cores  taken  at  San  Diego  and  Indian  Island 
due  to  significant  sample  disturbance.  It  is  planned  to  return  to  both 
sites  with  an  in  situ  test  device  with  cone  penetrometer  and  vane  shear 
capability.  Twelve  vibracores  were  taken  at  San  Diego  and  six  were 
taken  at  Indian  Island.  Not  all  these  cores  were  completely  analyzed; 
this  can  be  done  at  a  later  date  if  need  arises.  A  few  cores  were 
thoroughly  analyzed  with  spot  checks  made  on  other  cores  to  determine 
similarities.  For  example,  the  cores  at  Indian  Island  were  extremely 
similar;  thus,  only  one  was  analyzed  in  detail  from  that  location. 

Briefly,  the  primary  test  site  (location  1)  at  San  Diego  (Figure  1), 
is  a  very  uniform  fine  sand  both  areally  and  vertically.  Figures  4  and 
5  illustrate  this  with  grain  size  curves  of  cores  taken  several  hundred 
feet  apart.  Indications  are  that  the  seafloor  is  very  dense,  based  oil 
frequent  extraordinarily  high  chain  resistance  during  testing.  As 
mentioned,  this  will  be  determined  at  a  later  date  to  enable  eventual 
development  of  a  predictive  scheme.  Additional  data  fur  San  Diego 
Harbor  are  provided  in  Appendix  A.  Figure  2  shows  a  seeoni  .te 
(location  2)  described  as  a  dense  clayey  sand  It  is  a  very  dense 
fissured  seafloor  in  which  only  six  tests  were  performed  to  evaluate  the 
behavior  of  two  particular  anchors  in  a  very  hard  seafloor. 

The  Indian  Island  site  shown  in  Figure  3  consists  of  a  gassy,  soft 
silty  clay  with  shell  fragments.  Table  1  lists  of  soil  properties  for 
core  3  at  Indian  Island.  The  gas  in  the  soil  caused  soil  expansion  upon 
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core  recovery,  disturbing  the  samples  and  making  undisturbed  shear 
strength  data  meaningless.*  Typically,  the  Indian  Island  mud  was  almost 
evenly  distributed  between  silt  and  clay  sized  particles.  Figures  6  and 
7  show  the  grain  size  distributions  for  core  3V.  The  curves  are  almost 
identical  with  depth  to  10  feet;  spot  checks  showed  minimal  areal  vari¬ 
ability.  Indian  Island  soil  is  classified  as  an  organic  silty  clay  of 
high  plasticity.  The  liquid  limit  and  water  content  values  are  relatively 
high  and  approximately  equal,  varying  little  with  depth  to  28  feet. 

Values  range  from  110  to  160  for  water  content  and  117  to  142  for  the 
liquid  limit.  The  liquidity  index  (ratio  of  the  difference  between 
natural  water  content  and  plastic  limit  and  the  plasticity  index)  for 
the  mud  varies  between  0.88  and  1.65  which  can  indicate  either  a  compar¬ 
atively  soft  or  firm  but  sensitive  soil.  For  liquidity  indices  in  the 
above  range,  soil  sensitivities  could  vary  from  5  to  25.  Anchor  and 
chain  performance  suggests  that  the  soil  is  quite  sensitive;  in  situ 
strength  measurements  will  be  made  for  verification. 

Test  Anchors 

A  variety  of  test  anchors  were  gathered  from  the  Navy  and  private 
industry  and  are  listed  below: 

Nominal  Weight, 

Anchor  lb  (kg) 


Stockless 

5,000 

Stockless 

9,000 

STATO 

1,000 

STATO 

3,000 

STATO 

6,000 

BRIICE  (twin  shank) 

748 

(340) 

BRUCE 

1,320 

(600) 

BRUCE 

2,200 

(1,000) 

STEYMUD 

1,100 

(500) 

STEVMUD 

2,200 

(1,000) 

STEVDIG 

2,200 

(1,000) 

STEVFIX  (sand) 

1,408 

(640) 

STEVFIX  (mud) 

2,068 

(940) 

Hook 

1,232 

(560) 

immediately  prior  to  printing  this  document,  shear  strength  data  for 
Indian  Island  mud  became  available.  The  seafloor  is  normally  consoli¬ 
dated  and  shear  strength  measures  almost  linearly  from  zero  at  the 
surface  to  1-1/2  psi  at  21  feet.  See  Figure  Ail  in  Appendix  A  for 
the  data . 


These  anchors  are  all  shown  on  the  deck  of  the  Army  National  Guard 
barge  (Figure  8)  used  at  Indian  Island.  Dimensions  of  all  anchors 
tested  are  provided  in  Appendix  B. 

The  Stockless  anchor  is  depicted  in  Figures  9,  10,  and  11.  It  can 
be  modified  by  the  addition  of  stabilizers  to  slightly  increase  capacity 
and  improve  roll  stability.  The  Stockless  anchor  typically  has  a  45-to 
48-degree  fluke  angle  which  is  appropriate  for  mud  seafloors.  In  sand, 
the  angle  should  be  reduced  to  32  to  35  degrees  for  maximum  performance. 

The  Stockless  anchor  was  also  tested  with  welded-open  flukes  to  evaluate 
speculated  performance  improvement  and  operational  difficulties  and 
advantages.  The  welded-open  Stockless  anchor  was  also  used  in  tests  of 
anchors  in  tandem  (also  called  piggy-back). 

Three  sizes  of  the  STATO  anchor  were  tested  to  evaluate  individual 
anchor  behavior  as  well  as  to  provide  data  on  size  effects.  The  STATO 
is  shown  schematically  in  its  sand  (34  degree  fluke  angle)  and  mud  (50 
degree  fluke  angle)  configurations  (Figure  12).  Figure  13  shows  the  6K 
STATO  ready  for  testing. 

Two  types  of  BRUCE  anchors  were  made  available  to  the  Navy.  Figure  14 
depicts  the  standard  cast  BRUCE  anchor,  which  is  designed  to  be  lowered 
or  dropped  to  the  seafloor  without  concern  for  its  attitude  upon  contact. 
Upon  dragging  (setting),  the  anchor  rotates  to  its  fluke-down  orientation. 

A  new  welded  version  of  the  BRUCE  anchor  (Figure  15)  was  provided  for 
tests  at  Indian  Island.  It  was  not  fabricated  in  time  for  San  Diego 
sand  tests.  The  welded  BRUCE  anchor  looks  like  the  cast  anchor  but 
employs  a  twin  plate  shank  and  a  hollow  fluke  section  to  allow  increased 
fluke  area.  In  fact,  the  340-kg  welded  anchor  had  about  the  same  fluke 
area  as  the  1,000-kg  cast  anchor.  BRUCE  cable  depressors  (either  singly 
or  multiple)  are  designed  to  attach  to  the  shank  (see  Figure  16)  between 
the  anchor  and  chain  to  "depress"  the  chain,  cause  increased  anchor 
penetration,  and  produce  higher  anchor  holding  capacity.  Nominally,  a 
depressor  adds  20%  to  total  system  weight. 

Four  other  types  of  high  efficiency  anchor  were  provided  for  testing, 
the  STEVDIG,  STEVMUD,  STEVFIX,  and  Hook.  The  STEVDIG  (Figure  17)  is 
typically  used  for  competent  seafloors.  Note  the  "claws"  at  the  tips  of 
the  anchor  flukes;  they  were  placed  to  aid  in  digging  into  the  dense 
sand  and  overconsolidated  clay-type  seafloors  of  the  North  Sea.  The 
STEVMUD  (Figure  18)  is  a  single-purpose  anchor  developed  for  anchoring 
in  mud.  The  STEVFIX,  however,  was  designed  to  be  used  in  sand  and  mud 
seafloors.  Figure  19  shows  the  STEVFIX  without  bolt-on  plate  and  sta¬ 
bilizer  extensions  for  mud  application.  Fluke  angle  is  adjusted  for 
sand  (50  degrees)  and  mud  (32  degrees)  by  the  removal  (burnout)  or 
addition  (welded)  of  a  small  insert  in  the  anchor  crown. 

A  movable  fluke,  pick-type  anchor,  called  the  Hook  anchor  (Figures  20 
and  21),  was  also  tested.  This  anchor  is  designed  primarily  for  mud, 
but  is  usable  in  sand  by  restricting  the  fluke  angle  to  32  degrees.  The 
Hook  is  shown  with  and  without  auxiliary  flukes  on  the  shank  and  was 
tested  in  both  configurations. 


TEST  PROCEDURES  AND  EQUIPMENT 


The  basic  test  setup  showing  component  layout  and  instrumentation 
locations  is  shown  schematically  in  Figure  22.  The  layout  for  the 
tandem  Stockless  anchor  tests  is  identical  except  that  the  instrument 
package  is  located  on  the  outboard  anchor.  The  inboard  anchor  is 
uninstrumented . 

For  this  test  effort,  an  instrumentation  system  was  devised  to 
isolate  anchor  behavior  from  test  mooring  behavior.  It  was  felt  that 
isolation  of  anchor  behavior  was  critical  to  the  eventual  development  of 
a  scheme  to  predict  anchor  size  effects  on  capacity  and  to  understand 
and  predict  the  behavior  of  conventional  anchors  as  a  function  of  seafloor 
engineering  properties. 

Measurement  System 

Data  gathered  for  all  single  and  tandem  anchor  tests  included  load 
at  the  test  vessel,  load  at  the  anchor,  anchor  depth,  anchor  longitudinal 
rotation  (shank  pitch),  transverse  rotation  (shank  roll),  mooring  line 
angle  at  the  test  platform,  and  barge  displacement.  By  knowing  barge 
displacement  and  accounting  for  test  mooring  line  catenary  changes, 
anchor  drag  distance  is  readily  calculated. 

Spar  Marker.  Initially,  barge  position  was  to  be  recorded  primarily 
by  means  of  a  portable  range-range  navigation  system  with  a  spar  buoy 
reference  system  used  as  a  backup.  The  spar  marker  system  proved  to  be 
much  simpler,  more  accurate,  and  more  reliable  than  the  navigation 
system;  thus,  it  was  used  exclusive! v  during  the  test  effort.  The  deck 
of  the  YC  test  platform  was  marked  off  in  2-foot  increments  for  100  feet. 
At  the  beginning  of  each  test  (identified  by  test  anchor  movement)  a 
spar  buoy  (Figure  23)  was  placed  on  the  bottom  at  the  corner  of  the 
barge.  Barge  motion  was  recorded  in  2-foot  increments  directly  on  the 
oscillograph  and  digitape-papertape  records.  At  San  Diego,  a  20-  to 
35-foot  length  of  gasoline-filled  plastic  pipe  (depended  upon  test  site) 
was  weighted  at  its  base  and  used  as  the  spar  marker.  At  Indian  Island, 
water  depth  approached  100  feet;  thus,  the  spar  marker  was  modified  to 
be  less  sensitive  to  current.  A  30-foot  segment  of  tube  was  attached  to 
a  subsurface  taut  mooring  comprised  of  a  1-1/2-ft  diam  float,  85  feet  of 
1/8-inch  wire  rope,  and  an  anchor  clump. 

Instrumentation  System.  Figure  22  is  to  be  referred  to  for  the 
overall  measurement  system  layout.  The  underwater  portion  of  the  system 
is  shown  in  Figure  24  for  San  Diego  and  Indian  Island.  The  instrument 
pack  was  further  streamlined  for  Indian  Island.  The  load  cell  is  the 
slender  object  attached  directly  between  the  anchor  shank  and  chain;  it 
measures  load  at  the  anchor  only.  Included  in  the  instrument  pack  shown 
strapped  to  the  anchor  shank  is  a  pressure  transducer  to  measure  water 
depth  from  anchor  to  surface,  two  inclinometers  to  measure  shank  angle 
and  shank/anchor  rotation,  all  signal  conditioning  equipment,  and 
amplifiers  for  the  load  cell.  The  load  cell  was  connected  to  the  package 
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by  an  8-foot  electrical  cable.  A  hose  connected  to  the  pressure  trans¬ 
ducer  at  the  package  was  connected  to  a  buoy  (shown  in  Figure  24)  to 
ensure  that  the  bitter  end  remained  out  of  the  seafloor.  The  underwater 
system  was  connected  to  the  surface  barge  by  a  1 ,300-ft-long,  six- conductor, 
underwater  electrical  cable. 

The  surface  system  consists  of  a  deck  load  cell  to  measure  load 
between  pulling  barge  and  test  anchor,  a  cable  inclinometer  to  measure 
cable  angle  at  the  barge,  signal  conditioning  equipment,  biasing  and 
voltage  calibrator  unit,  and  recording  equipment.  Two  methods  were  used 
to  record  the  data:  (1)  an  analog-to-digital  recorder  recorded  data 
every  10  seconds  and  (2)  an  analog  oscillograph  was  used  to  record 
continuously  during  test. 

All  transducers  (load  cells,  inclinometers,  and  pressure  transducers) 
were  calibrated  before  each  series  of  tests  and  rechecked  afterward  and 
found  to  be  within  specification  of  calibrations. 

All  load  cells  used  for  measurements  on  anchor  tests  were  calibrated 
at  the  CEL  on  a  Baldwin  load  machine  with  an  accuracy  of  0.303%  of  full 
scale. 

Repeatability  of  the  load  cells  was: 

No.  1  underwater  cell  -  0.4% 

No.  2  underwater  cell  -  0.4% 

No.  1  deck  load  cell  -  0.35% 

No.  2  deck  load  cell  -  0.35% 

The  underwater  load  cells  were  checked  for  temperature  drift  and  found 
to  change  0.019/°  or  38  lb/deg;  this  is  a  positive  temperature  coefficient. 

Pressure  cells  used  for  depth  measurement  were  calibrated  with  a 
deadweight  tester  and  have  a  built-in  signal  conditioner  and  amplifier. 
Repeatability  of  pressure  transducers  was: 

No.  1  pressure  transducer  -  0.005% 

No.  2  pressure  transducer  -  0.0045% 

The  pressure  transducers  were  checked  for  temperature  drift  and  found  to 
change  0.139  ft/°;  this  is  a  negative  temperature  coefficient.  This 
change  occurred  within  60  seconds;  therefore,  relative  changes  in  depth 
were  correct  during  testing.  Actual  recorded  depth  could  be  as  much  as 
1-1/2  feet  too  high,  considering  the  temperature  difference  between  deck 
and  water.  Inclinometers  were  calibrated  and  found  to  have  an  accuracy 
of  0.2-degree  resolution. 

Single  Anchor  Test 

The  test  procedure  was  the  same  at  San  Diego  and  Indian  Island; 
however,  equipment  did  differ  somewhat.  A  YC  barge  about  120  feet  long 
served  as  the  anchor  pulling  and  data  recovery  platform.  Photographs  of 
the  actual  deck  layout  are  given  by  Figures  25  and  26.  A  100-ton-capacity, 
hydraulic  cable  puller  was  provided  by  the  Supervisor  of  Salvage  for  the 
test  effort.  The  cable  puller  basically  consists  of  a  fixed  and  a 
movable  2-inch  cable  gripper  controlled  through  a  remote  console.  The 
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grippers  are  alternately  actuated  and  deactuated  to  haul-in  or  pay-out 
the  2-inch  hauling  line.  About  4  feet  of  movement  occurs  at  each  cycle 
at  rates  from  0  to  17  ft/min.  Each  anchor  was  pulled  at  about  2  ft/min 
primarily  to  agree  with  previous  controlled  anchor  tests.  The  cable 
puller  operates  as  a  load-controlled,  rather  than  a  strain-controlled, 
system;  it  is  felt  that,  even  though  loading  is  briefly  interrupted 
during  a  puller  reset  cycle,  the  loading  is  realistic.  The  cable  puller 
pulled  the  anchor  and  its  fixed-length  mooring  line  toward  a  restraint 
mooring  comprised  of  one  preset  9,000-pound  STATO  anchor,  2-1/2-inch 
chain,  and  a  peg-top  buoy. 

The  YC  barge  was  not  heavily  loaded  during  mooring  or  anchor  testing; 
load  was  transferred  from  the  restraint  mooring  through  the  cable  puller 
(which  simply  rests  on  the  deck)  to  the  test  anchor  and  mooring  by  a 
heavy  duty  padeye  fixed  to  the  YC.  The  padeye-deck  attachment  had  to 
withstand  only  the  environmental  forces  on  the  barge.  Barge  orientation 
was  maintained  during  testing  because  both  test  and  restraint  lines 
passed  through  open  chocks  welded  at  opposite  ends  of  the  barge. 

A  crane  barge  was  used  to  install  and  recover  all  test  anchors  at 
each  site.  The  orientation  of  test  barge  and  crane  barge  for  Indian 
Island  tests  is  shown  in  Figure  27.  The  crane  barge  was  attached  to  the 
test  barge  by  a  5/8-inch  wire  from  an  8-ton  salvage  winch.  At  San 
Diego,  wind  proved  to  be  a  formidable  problem  in  controlling  crane  barge 
location.  Two  pusher  boats  and  an  LCM-8  were  barely  able  to  control 
crane  barge  position.  During  the  latter  phase  of  San  Diego  tests,  a 
stern  anchor  was  placed  to  help  control  position  in  addition  to  helping 
restretch  the  test  mooring  after  completion  of  a  test  series.  The 
Figure  27  setup  was  a  further  refinement  of  the  test  procedure.  This 
setup  allowed  the  crane  barge  to  move  back  and  forth  between  its  stern 
anchor  and  the  test  barge  with  help  from  its  pusher  boats. 

For  each  test  location,  an  attempt  was  made  to  minimize  the  number 
of  times  the  restraint  and  test  moorings  had  to  be  readied  and  deployed. 
The  barge  was  layed  out  as  shown  in  Figure  28.  The  400  feet  of  2-inch 
hauling  wire  was  attached  to  the  preinstalled  restraint  mooring  buoy, 
and  the  wire  was  stretched  out.  The  test  mooring  wire  was  subsequently 
stretched  out  using  the  crane  barge.  Two  to  three  shots  of  chain  were 
then  attached  to  the  test  line  and  stretched.  This  configuration  was 
typical  for  the  beginning  of  each  test  day.  At  this  point  the  LCM-8 
would  pull  the  5/8-inch  wire  to  the  test  barge  and  then  return  to  the 
barge  crane  with  the  floated  electrical  line  which  would  then  be  connected 
to  the  test  anchor  attached  to  the  test  mooring  chain. 

At  San  Diego  the  test  anchor  was  lifted  and  lowered  directly  to  the 
seafloor  through  the  crown  wire.  The  tug  was  released  and  the  anchor 
pulled.  After  at  least  50  feet  of  anchor  drag  the  anchor  was  lifted, 
hosed  off  and  relowered  for  another  test.  Three  to  four  tests  could  be 
performed  sequentially  in  a  single  line  before  the  2-inch  haul  line  had 
to  be  pulled  back  through  the  cable  puller  while  the  test  mooring  was 
restretched.  The  test  mooring  was  then  layed  50  to  75  feet  counter¬ 
clockwise  for  the  next  series. 

At  Indian  Island,  crane  lift  height  was  not  sufficient  to  lower  the 
anchor  directly  to  the  seafloor  (about  100-foot  depth);  therefore,  a 
large  sheave  was  connected  to  the  no.  1  hook.  A  160-foot  crownwire 
shackled  to  the  deck  at  one  end  and  attached  to  the  anchor  at  the  other 
was  then  placed  in  the  sheave.  With  only  a  50-foot  crane  lift,  the 
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anchor  was  easily  lowered  to  100  feet  through  the  two-part  line.  This 
approach  was  simple  and  should  be  useful  to  the  PWC's  where  controlled 
anchor  lowering  in  water  depths  between  80  and  180  feet  is  required. 


Tandem  Anchor  Tests 


Three  tandem  anchor  arrangements  with  the  Navy  Stockless  anchor 
were  evaluated.  The  first  method,  referred  to  as  the  shank- to-shackle 
technique,  and  described  by  Figure  29,  proved  effective  during  a  brief 
model  study  performed  in  Holland  (Ref  4).  In  the  shank-to-shackle 
method,  both  Stockless  anchors  were  stabilized  and  had  welded-open 
flukes  because  the  model  tests  (Ref  4)  showed  superior  performance  with 
these  modifications.  A  length  of  chain  somewhat  in  excess  of  water 
depth  was  placed  between  outboard  anchor  shank  and  a  padeye  welded  to 
the  top  of  the  inboard  anchor's  shank  near  its  shackle  connection.  It 
was  believed  that  this  aft  connection  would  allow  the  inboard  anchor  to 
function  properly.  During  deployment,  the  chain  would  be  lightly  lashed 
over  the  crown  of  the  inboard  anchor  to  prevent  fouling. 

Figure  29  also  shows  the  second  tandem  arrangement  evaluated 
(crown-to-shackle  technique).  It  was  similar  except  the  joining  chain 
was  connected  to  a  padeye  attached  to  the  top  of  the  Stockless  anchor 
crown.  Again,  the  flukes  were  welded  open;  otherwise  they  may  have 
closed  as  soon  as  any  load  was  applied  to  the  crown  by  the  outboard 
anchor  chain.  Figure  30  illustrates  the  third  tandem  test  arrangement, 
the  ground-ring-to-shackle  technique.  In  this  approach  the  inboard 
anchor  is  placed  first  and  then  the  outboard  anchor  is  lowered  and  the 
chain  stretched.  Welding  the  flukes  open  for  all  three  tandem  tech¬ 
niques  also  ensured  that  both  anchors  would  penetrate  immediately,  thus 
insuring  a  taut  mooring. 

In  addition  to  evaluating  anchor  system  capacity,  installation 
difficulties  were  also  assessed.  The  best  anchor  system  could  be  one 
that  can  be  installed  reliably  with  PWC  assets  even  though  it  did  not 
prove  to  be  the  highest  capacity  arrangement.  Figure  31  describes  the 
procedure  used  at  Indian  Island  to  install  the  shank-to-shackle  and 
crown-to-shackle  tandem  anchor  systems.  This  procedure  is  similar  to 
that  which  could  be  used  with  fleet  moorings,  except  the  mooring  would 
be  laid  off  the  bow  of  a  Navy  crane  barge  and  chain  length  between 
anchors  would  depend  on  water  depth. 

Mooring  tests  were  performed  only  at  San  Diego.  During  these 
tests,  barge  displacement,  deck  load,  and  line  angle  were  measured.  The 
direction  of  pull  was  established  to  ensure  that  load  was  being  applied 
to  a  single  mooring  leg.  Mooring  leg  layouts  were  defined  by  Reference  5. 
Load  was  applied  to  the  test  mooring  until  the  rate  of  barge  displacement 
increased  and  load  dropped  off.  The  test  was  then  abruptly  stopped  to 
avoid  excessive  barge  moor  displacement  and  a  requirement  for  leg  reposi¬ 
tioning. 

Two  test  setups  were  used  (see  Figure  32).  Pulling  one  mooring 
against  another  was  a  timesaver  because  it  eliminated  the  need  to  install 
a  restraint  mooring;  however,  this  could  only  be  done  if  the  mooring  leg 
layouts  were  suitable.  For  a  dual  test  setup,  the  spar  marker  reference 
buoy  was  placed  midbarge.  By  monitoring  the  direction  and  displacement 
rate  of  the  barge  relative  to  the  spar,  it  was  possible  to  determine 
which  of  the  test  moorings  yielded. 
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RESULTS  AND  DISCUSSION 


Anchor  Test  Results  -  General 


Fifty  single  and  tandem  anchor  tests  and  three  mooring  proof  tests 
were  performed  at  San  Diego;  twenty-five  single  and  tandem  anchor  tests 
were  completed  at  Indian  Island.  These  tests  are  summarized  in  Tables  2 
through  4.  Results  of  all  Navy  anchor  (Stockless  and  STATO)  tests  are 
described  and  significant  results  provided.  Each  of  these  anchor  tests 
is  further  described  by  a  data  plot  and  a  data  tabulation  (see  Appendix  C). 
The  results  of  all  commercial  anchor  tests  are  the  subject  of  a  later 
report . 

One  data  summary  is  described  for  guidance.  Seven  parameters  are 
plotted  as  functions  of  true  anchor  drag  distance  in  Figure  33.  In  the 
bottom  block,  horizontal  force  at  the  pulling  barge,  anchor  tension,  and 
chain  weight  on  bottom  are  plotted  versus  drag  distance.  The  difference 
between  tension  measurements  is  attributed  solely  to  chain  drag  both  on 
and  in  the  seafloor.  As  shown  by  Figure  33,  the  contribution  of  the 
chain  to  total  mooring  load  is  substantial;  this  was  typical  for  all  the 
tests.  At  anchor  tension  equal  to  zero,  the  deck  force  reflects  only 
chain  drag.  The  20,000  pounds  of  chain  on  bottom  caused  almost  30,000 
pounds  of  drag  resistance  in  the  silt  at  Indian  Island.  At  58  feet  of 
drag,  roughly  10,000  pounds  of  chain  (about  250  feet)  in  contact  with 
the  seafloor  causes  about  50,000  pounds  of  drag  resistance.  The  3,000- 
pound  (nominal)  STATO  (actual  weight  3,500  pounds)  provided  about  37,000 
pounds  of  resistance  at  58  feet  of  drag.  A  safe  capacity  of  this  anchor 
in  Indian  Island  silt  is  37,000  pounds.  With  information  on  the  amount 
of  chain  in  contact  with  the  seafloor,  capacities  in  excess  of  the  basic 
anchor  capacity  could  be  assumed. 

In  the  center  block  of  Figure  33,  anchor  shank  pitch  angle  and 
anchor  shank  roll  angle  are  plotted  versus  drag  distance.  A  positive 
pitch  angle  indicates  shank  tip  down.  As  shown,  the  shank  assumes  a  tip 
up  (negative  angle)  orientation  of  about  10  degrees  as  the  anchor  ap¬ 
proaches  peak  capacity.  During  drag,  the  anchor  appeared  relatively 
stable,  remaining  within  6  to  10  degrees  of  horizontal. 

The  top  block  of  Figure  33  presents  anchor  crown  and  shank  tip 
penetration  as  functions  of  drag  distance.  In  the  future,  only  one 
depth  will  be  plotted  for  clarity.  Penetration  leveled  out  at  about 
15  feet  to  the  crown,  which  translates  to  19  feet  to  the  tip  of  the 
fluke.  It  appears  that  the  anchor  is  still  penetrating  but  at  a  very 
shallow  angle. 

Table  5  is  an  example  of  the  tabulated  data  for  each  anchor  test. 

The  table  lists  the  data  plotted  in  Figure  33  in  addition  to  various 
other  pieces  of  data  that  may  be  of  use  in  the  eventual  analysis  of 
these  data.  Item  number  13  is  anchor  fluke  tip  depth;  it  is  assumed 
that  the  flukes  are  completely  open.  For  fixed  fluke  anchors  this  is 
valid  but  for  movable  fluke  anchors  the  number  must  be  used  with  care. 

In  sand  it  is  usually  obvious  when  the  fluke  is  open;  there  is  a  sudden 
increase  in  shank  angle  associated  with  a  gradual  increase  in  anchor 
tension.  In  mud  it  is  not  as  obvious  but  is  assumed  to  occur  if  anchor 
penetration  is  initiated  and  continues. 
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Tests  of  the  many  anchors  in  various  configurations  produced  results 
which  are  grea'ly,  but  not  totally,  dependent  on  the  testing  media,  San 
Diego  fine  sand  and  Indian  Island  mud  (silty  clay).  Six  tests  were  also 
run  in  overconsolidated  silt  at  San  Diego.  Overall  results  would  have 
been  somewhat  different  (degree  of  difference  unknown  at  this  time)  with 
different  mooring  line,  type,  or  size.  The  differences  would  most 
likely  occur  with  anchor  and  deck  tension  readings  and  anchor  penetrations. 
Pitch  and  roll  of  the  anchor  would  probably  not  be  as  sensitive  to 
changes.  In  selecting  chain  size,  an  attempt  was  made  to  size  it  accord¬ 
ing  to  previous  performance  data  or  to  advertised  data.  Often,  the 
anchors  would  hold  less  than  expected,  thus  chain  size  could  have  been 
less.  Since  the  behavior  of  anchor  and  chain  were  isolated  in  these 
tests,  it  is  felt  that  mooring  line  effects  on  anchor  behavior  will 
eventually  be  understood  and  quantified  in  a  usable  prediction  scheme. 

Until  then,  care  should  be  exercised  when  extrapolating  these  data  to 
other  sites,  anchor  sizes,  and  mooring  lines. 

Stockless  Anchor  (Single)  . 

This  anchor  was  tested  in  its  normal  use  condition  (unstabilized 
and  with  movable  flukes  free  to  open  to  45  to  48  degrees  relative  to  the 
centerline  of  the  shank)  at  both  San  Diego  and  at  Indian  Island.  These 
tests  were  run  for  confirmation  of  previous  results  (Ref  6)  and  to 
illustrate  problems  with  using  the  Stockless  anchor  in  this  configuration 
for  fleet  moorings;  results  were  similar.  Behavior  in  sand  was  erratic 
for  the  5K  size  (efficiencies  of  3  to  5)  while  behavior  in  mud  was 
consistent  but  poor.  In  comparison,  the  performance  of  the  stabilized 
Stockless  anchor  with  flukes  welded  in  the  open  position  at  35  degrees 
for  sand  and  48  degrees  for  mud  was  quite  good. 

In  sand,  anchor  behavior  was  consistent  with  an  average  anchor 
efficiency  of  5  to  6  for  the  9K  anchor  and  10  for  the  5K  anchor.  Most 
significantly,  these  efficiencies  were  achieved  with  minimal  drag  distance 
which  would  result  in  very  taut  moorings.  Tests  were  not  run  with  a 
stabilized  anchor  with  35-degree  movable  flukes  in  sand,  but  previous 
data  (Ref  7)  show  that  the  flukes  will  eventually  dig  in  sands  of  low  to 
medium  density;  the  improvement  due  to  the  reduced  fluke  angle  could  be 
as  much  as  a  factor  of  two.  In  dense  sand  and  stiff  clay  seafloors  the 
probability  of  the  Stockless  anchor  flukes  digging  in  is  very  low. 

Welding  open  the  anchor  flukes  should  greatly  increase  the  probability 
of  suitable  anchor  behavior  in  these  more  competent  seafloors.  Care 
should  be  exercised  in  comparing  the  mentioned  efficiencies  with  pre¬ 
viously  reported  data  because  the  above  values  are  for  the  anchor  alone. 
Previous  researchers  attempted  to  determine  true  anchor  capacity  by 
separating  the  chain  effect  determined  through  chain  pull  tests.  As  can 
be  seen  from  the  results  in  Appendix  A,  the  chain  effect  often  increases 
as  the  anchor  is  dragged,  and  the  shank  forces  chain  into  the  seafloor. 

This  effect  will  be  different  for  different  seafloors.  The  chain  effect 
is  real  and  is  part  of  the  total  anchor  resistance,  but,  particularly  in 
sand  and  until  it  is  better  understood,  the  anchor  tension  alone  provides 
a  conservative  estimate  of  expected  performance. 

In  mud  at  Indian  Island,  each  of  the  three  configurations  (i.e., 
standard,  stabilized  with  movable  flukes,  and  stabilized  with  fixed 
flukes)  of  the  9K  Stockless  anchor  behaved  sufficiently  different  to 
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clearly  show  the  advantage  of  fixing  the  flukes  in  the  open  position  in 
mud.  Anchor  penetrations  at  comparable  drag  distances  were  greater, 
anchor  tensions  were  greater,  and  most  importantly,  mooring  tensions 
were  significantly  greater.  At  41  feet  of  drag,  deck  tensions  for  the 
above  three  configurations  were  48,000,  50,000,  and  67,000  pounds, 
respectively.  Also,  the  first  anchor  appeared  to  have  reached  peak 
depth,  the  second  increased  slightly  to  53,000  before  peaking,  and, 
based  upon  relative  shank  angles  between  two  and  three,  option  three 
would  probably  penetrate  further.  To  put  these  differences  into  proper 
perspective,  the  effect  of  the  chain  laying  on  (not  in)  the  seafloor  is 
subtracted  to  show  the  "true"  difference  in  capacities  for  Indian  Island 
mud.  The  values  then  become  26,000,  30,000,  and  50,000  pounds  which 
translate,  according  to  previous  methods  of  figuring  anchor  efficiency, 
to  2.5,  2.6,  and  4.4,  respectively,  for  the  nominal  9K  anchor  (true 
weights  were  used  in  determining  efficiency).  A  possible  reason  for 
these  differences  is  that  the  anchor  flukes  stabilized  at  a  partially 
open  position.  Previously  reported  differences  (Ref  1)  for  San  Francisco 
Bay  mud  show  the  same  relative  differences  -  2  versus  3.7  to  4.  The 
lower  overall  values  are  explained  by  the  reported  lower  chain  drag  in 
San  Francisco  Bay  mud. 

Stock  less  Anchor  (Tandem) 

In  sand,  three  methods  of  rigging  tandem  anchors  were  tested  (see 
previous  section  for  descriptions).  In  terms  of  performance  each  was 
satisfactory;  there  appears  to  be  a  slight  performance  advantage  for  the 
shank-to-shackle  rigging  arrangement.  The  outboard  anchor  carried  the 
instrument  pack  and  outboard  anchor  performance  paralleled  that  of  the 
single  anchor.  The  performance  of  the  inboard  anchor  is  inferred  from 
the  difference  between  deck  tension  and  anchor  tension.  Based  on  the 
differences,  the  inboard  anchor  was  functioning  at  least  equally  to  the 
outboard  anchor.  Of  the  three  techniques,  the  shank-to-shackle  and 
crown-to-shackle  techniques  were  equal  in  terms  of  installation  ease. 

The  ground-ring-to-shackle  approach  was  also  effective  but  somewhat  more 
difficult  to  install  in  shallow  water  at  San  Diego.  In  deeper  water  at 
Indian  Island,  installation  would  have  been  significantly  more  difficult, 
thus  it  was  not  tried  there.  Model  tests  (Ref  4)  in  sand  of  both  shank 
and  crown-to-shackle  techniques  showed  superior  performance  for  the 
shank-to-shackle  technique;  attachment  to  the  crown  caused  rotation  of 
the  inboard  anchor.  Prototype  tests  in  sand  and  mud  with  the  Stockless 
anchor  with  welded-open  flukes,  showed  no  indication  of  inboard  anchor 
instability,  inferred  by  overall  mooring  capacity.  Attachment  of  chain 
to  the  crown  rather  than  the  shank  does  simplify  installation  in  deeper 
water  and  does  not  seem  to  degrade  overall  performance. 

The  techniques  found  suitable  for  the  Stockless  anchor  in  fine  sand 
and  soft  silty  clay  will  probably  be  applicable  to  the  vast  range  of 
intermediate  soil  types. 

Use  of  these  rigging  techniques  with  higher  efficiency  anchors  has 
not  been  proven  at  prototype  size.  Higher  efficiency  anchors  need  to 
penetrate  deeply  in  mud  and  their  light  weight  in  relation  to  their 
capacity  makes  them  more  sensitive  to  external  forces  caused  by  tandem 
chain  attachments.  Tandem  anchor  chain  attachment  to  the  inboard  anchor 
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shackle  or  chain  would  seem  to  limit  rotational  influences  on  the  inboard 
anchor  and,  as  long  as  deployment  technique  is  not  compromised,  may  be 
the  safest  alternative  for  higher  efficiency  anchors  at  this  time. 

STATO  Anchor 


Three  sizes  of  STATO  anchor  (IK,  3K,  and  6K)  were  tested  in  sand  at 
San  Diego  and  mud  at  Indian  Island.  The  3K  STATO  was  also  test-pulled 
in  a  dense  clayey  sand  seafloor  at  San  Diego. 

Initially,  three  sizes  were  to  be  tested  to  get  some  idea  of  scale 
effects  and  to  provide  a  good  basis  for  comparison  with  other  high 
efficiency  anchors.  However,  initial  results  in  sand  were  unexpectedly 
poor,  and  sufficient  scale  data  were  not  obtained.  Slight  modifications 
to  the  STATO  were  required  to  bring  performance  back  to  its  expected 
level.  The  chronological  test  sequence  which  leads  to  what  appears  to 
be  necessary  changes  to  expand  STATO  utility  to  a  broader  range  of  soil 
types  and  strengths  is  described  in  the  following  paragraph. 

The  IK  STATO  was  first  tested  in  sand  and  at  5  to  6  feet  of  drag 
the  anchor  rotated  out  after  a  peak  load  of  only  about  6,000  pounds,  far 
less  than  expected.  This  rapid  instability  would  normally  indicate  that 
the  anchor  was  improperly  stabilized.  Stabilizer  width  agreed  with  that 
listed  by  the  drawings  (16  inches);  however,  it  did  not  agree  with  that 
projected  from  a  plot  of  anchor  width  versus  anchor  weight  for  all  other 
STATO  anchors.  The  IK  STATO  had  not  been  fabricated  previously,  thus 
this  problem  had  gone  undetected.  "Normal"  stabilizer  length  should 
have  been  about  26  inches.  While  new  IK  anchor  stabilizers  were  being 
fabricated,  the  3K  STATO  with  normal  stabilizers  was  tested.  It  also 
proved  unstable  after  achieving  an  anchor  load  of  about  30,000  pounds. 

The  effect  of  the  mooring  chain  on  anchor  stability  was  insignificant 
because  in  the  two  tests  performed,  the  anchor  rotated  in  opposite 
directions.  The  IK  STATO  with  normal  26-inch  stabilizers  was  tested, 
and  it  reached  about  10,000  pounds  before  becoming  unstable.  Its  behavior 
paralleled  that  of  the  3K  STATO  with  its  normal  stabilizers.  Extended 
stabilizers  were  fabricated  for  the  3K  STATO  with  the  intent  of  shorten¬ 
ing  them  sequentially  to  determine  their  minimum  allowable  length.  With 
18-inch  stabilizer  extensions  (Figure  34)  (143-inch  total  anchor  width), 
the  anchor  was  pulled  again.  It  built  up  load  initially  to  about  40,000 
pounds  and  then  rotated  out.  Through  140  feet  of  drag  it  did  not  improve 
and  continued  to  try  to  embed  as  evidenced  by  the  fluctuating  shank 
angle.  Anchor  fluke  angle  was  checked  to  verify  that  it  was  35  degrees 
as  intended;  it  was  37  degrees.  A  2-degree  reduction  in  fluke  angle  was 
not  considered  adequate  to  improve  performance.  Therefore,  it  was 
reduced  from  about  37  to  31-1/2  degrees  (by  the  addition  of  a  1/2-inch 
plate  between  shank  and  wedge  insert.  Figure  35),  and  the  anchor  was 
retested.  A  30  to  32-degree  fluke  angle  is  currently  used  by  the  majority 
of  anchor  manufacturers  for  competent  seafloors.  The  anchor  built  up 
load  gradually  until  reaching  65,000  pounds.  The  load  appeared  to 
stabilize.  On  later  examination  of  the  data  it  was  noticed  that  the 
anchor  was  beginning  to  rotate.  To  determine  whether  both  the  fluke 
angle  reduction  and  stabilizer  extensions  were  necessary,  the  normal 
stabilizers  were  replaced  on  the  anchor  and  the  anchor  re-tested.  The 
anchor  rotated  at  about  12  feet  of  drag.  Apparently,  both  modifications 
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were  necessary.  Since  it  appeared  that  the  18-inch  extension  was  a  good 
first  guess  based  upon  the  slight  tendency  for  rotation,  smaller  exten¬ 
sions  were  not  tried. 

The  6K  STATO  was  then  tested  using  its  normal  stabilizers.  Speci¬ 
fied  fluke  angle  was  35  degrees  yet  measured  angle  was  32  degrees.  This 
tolerance  error  was  fortunately  in  the  right  direction  for  the  San  Diego 
sand.  Three  tests  were  performed,  and  the  anchor  held  105,000  pounds, 
72,000  pounds,  and  about  60,000  pounds.  Anchor  rotation  was  again  a 
problem.  When  fitted  with  normal  stabilizers,  all  three  sizes  of  STATO 
anchor  behaved  in  a  similar  fashion.  It  appears  that  the  lengths  of 
stabilizers  determined  as  adequate  in  Port  Hueneme  beach  sand  are  not 
adequate  for  the  denser,  more  uniform,  finer  grained  sand  of  San  Diego 
Harbor.  As  of  this  writing,  accurate  soil  density  measurements  in  San 
Diego  sand  were  not  available;  they  will  be  taken  shortly.  Based  on  the 
behavior  of  all  anchors  tested  and  the  large  chain  resistances  recorded, 
it  appears  that  San  Diego  sand  is  of  high  relative  density;  the  need  for 
STATO  fluke  angle  reduction  further  substantiates  this. 

Results  of  tests  in  mud  at  Indian  Island  were  in  reasonable  agreement 
with  previous  results  reported  for  San  Francisco  Bay  mud  (Ref  3). 

Recorded  efficiencies,  for  anchor  alone,  of  the  IK  and  3K  STATO  anchors 
at  50  feet  of  drag  were  14  and  11,  respectively;  while  total  efficiencies, 
including  the  effect  of  buried  chain  were  20  and  17  respectively. 

Anchor  tension  for  the  6K  STATO  was  not  recorded,  however;  total  effi¬ 
ciency  near  50  feet  of  drag  was  14.  The  IK  and  3K  anchors  appeared  to 
be  nearing  their  peak  load  while  the  6K  anchor  load  was  still  increasing; 
however,  the  6K  anchor  was  steadily  rotating.  At  41  feet  of  drag  the 
measured  maximum  rotation  of  about  45  degrees  was  recorded  and  the  test 
stopped  to  avoid  electrical  cable  failure.  Longer  stabilizers  would 
probably  have  limited  rotation.  The  extended  stabilizers  on  the  3K 
anchor  did  not  seem  to  noticeably  inhibit  anchor  penetration  or  degrade 
performance;  stability  was  apparently  helped. 

The  three  tests  of  the  3K  STATO  with  extended  stabilizers  in  a 
dense  clayey  sand  were  in  a  designated  anchorage  area  in  San  Diego 
Harbor.  These  data  were  probably  the  most  interesting.  In  each  test 
the  anchor  dug  in  and  increased  to  peak  load  rapidly  and  then  pulled 
out.  When  recovered,  soil  was  packed  between  the  shank  and  flukes  which 
would  prevent  further  embedment. 

Based  on  tests  performed  to  date  on  the  STATO  it  is  possible  to 
make  some  general  recommendations  for  modifications  to  expand  utility  of 
the  STATO  to  a  broader  range  of  soil  characteristics.  For  specific 
applications ,  perhaps  these  changes  should  be  made  only  if  performance 
is  less  than  expected  or  if  data  indicate  a  very  competent  seafloor. 

For  general  utility,  the  following  changes  are  recommended  prior  to 
further  usage. 

1.  For  use  in  sand,  measure  the  fluke  angle  with  the  wedge  insert 
in  place;  if  greater  than  32  degrees,  insert  a  plate  spacer  or  fabricate 
a  new  wedge  to  achieve  the  needed  fluke  angle. 

2.  For  sand  and  mud,  extend  the  stabilizers  according  to  the 
recommendations  of  Figure  36.  Existing  and  projected  curves  of  anchor 
width  versus  anchor  weight  are  provided.  Obviously,  extrapolation  on 
the  basis  of  a  single  data  point  can  be  considered  highly  questionable 
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but  high  efficiency  anchors  are  typically  scaled  as  a  direct  function  of 
anchor  weight.  j Anchor  dimensions  are  normally  scaled  according  to 
(anchor  weight)1'  ;  however,  as  can.be  seen  from  Figure  36,  STATO  scaling 
differs.  A  line  proportional  to  wt1 '  ,  straight  line  on  a  log-log  plot, 
is  drawn  through  the  single  data  point  available  (3K  STATO  with  18-inch 
stabilizer  extensions).  The  reason  for  this  deviation  from  normal 
geometric  scaling  was  structural  limitations  due  to  required  use  of  mild 
steel  (Ref  8).  Using  geometric  scaling  with  the  single  data  point,  the 
200-pound  anchor  seems  suitably  stabilized  and  the  15,000-pound  STATO 
seems  reasonably  close.  However,  until  additional  data  are  available, 
the  upper  curve  which  parallels  the  actual  data  and  amounts  to  about  a 
35%  increase  in  anchor  width  should  be  used  to  provide  a  conservative 
estimate  of  required  anchor  width  from  which  stabilizer  length  can  be 
determined. 

3.  Use  of  mud  palm  extensions  in  sand  does  not  seem  to  degrade 
performance.  Reference  3  supports  this  contention;  therefore,  unless 
the  STATO  will  be  used  exclusively  for  competent  seafloors,  the  mud  palm 
extensions  should  be  included  as  a  standard  part  of  the  anchor. 

Stockless  Anchor  Moorings 

All  moorings  tested  at  San  Diego  were  class  B  riser-type  moorings 
with  a  design  load  of  125,000  pounds.  The  principal  soil  type  at  each 
mooring  location  was  fine  sand.  Standard,  unstabilized,  20,000-pound 
Stockless  anchors  with  45-  to  48-degree  fluke  angles  were  typical  of  all 
the  tested  moorings.  Each  anchor  was  jetted  in  until  flukes  were  fully 
open  in  the  down  position.  Based  upon  the  data  gathered  at  San  Diego, 
it  was  determined  that  the  anchors  in  their  standard  condition  probably 
would  not  have  embedded  during  normal  dragging.  Each  mooring  was  pulled 
in  only  one  direction,  and  care  was  taken  not  to  displace  the  mooring; 
thus,  load  was  increased  to  the  onset  of  slippage  and  loading  was  stopped 
immediately.  Moorings  17,  18,  and  51  held  118,000,  115,000,  and  99,000 
pounds  maximum,  respectively.  At  these  loads  -  in  fact  at  far  less  than 
these  loads  -  ^11  chain  was  off  the  seafloor.  These  loads  reflect  true 
anchor  capacity  for  the  above  described  conditions .  Continued  dragging 
of  the  anchors,  as  could  occur  during  storm  activity,  would  probably 
have  caused  them  to  come  out  of  the  seafloor,  with  low  probability  of 
re-embedment.  A  fleet  mooring  anchor  should  continue  to  sustain  near 
peak  load  with  drag  to  minimize  catastrophic  damage.  The  reduction  in 
fluke  angle  to  35  degrees  and  the  addition  of  stabilizers  will  produce 
this  type  of  desired  behavior.  If  anchors  are  to  be  jetted  into  sand  or 
stiff  clay  seafloors  then  these  modifications  should  be  made.  Also,  by 
welding  the  flukes  open,  the  principal  advantage  of  jetting  (achievement 
of  a  taut  mooring)  can  be  realized  without  the  need  for  diving  support. 


SUMMARY  AND  CONCLUSION 

This  report  provides  the  results  of  anchor  and  mooring  tests  in 
fine  sand  and  dense  clayey  sand  at  San  Diego  and  in  mud  at  Indian  Island. 
Tests  at  a  third  site  with  a  clay  seafloor  are  planned  for  early  1980. 
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Anchors  typical  of  fleet  moorings,  Stockless  and  STATO,  as  well  as  a 
variety  of  new  high  efficiency  anchors  potentially  useful  with  fleet 
moorings,  were  tested  under  controlled  conditions  to:  (1)  provide 
immediate  use  data  for  the  Navy  and  (2)  provide  the  basis  for  the  eventual 
development  of  a  scheme  to  predict  the  behavior  of  anchors  as  a  function 
of  seafloor  engineering  properties.  A  great  deal  of  data  was  gathered, 
and  the  implications  of  these  data  are  not  fully  understood  at  this 
time.  Care  should  be  exercised  in  using  these  data  to  specify  the 
performance  of  larger  sizes  of  the  tested  anchors  in  similar  or  different 
soils  than  those  of  the  test  sites.  The  tests  clearly  provided  surprises 
in  anchor  behavior  and  illustrated  the  great  dependence  of  anchor  behavior 
on  soil  characteristics.  An  effort  is  underway  toward  a  more  complete 
understanding  of  the  data  and  toward  the  development  of  an  anchor  behavior 
predictive  scheme.  Results  will  be  reported  at  a  later  date.  In  the 
meantime,  some  tentative  conclusions  can  be  drawn  and  guidance  given 
concerning  the  use  of  the  various  anchors  tested. 

1.  In  sand,  the  stabilized  Stockless  anchor  with  welded-open  flukes  to 
35  degrees  was  often  2  to  4  times  more  efficient  than  the  standard 
Stockless  anchor.  It  also  held  its  load  more  uniformally  with  drag  and 
developed  its  peak  capacity  within  a  few  feet  of  drag. 

2.  Tandem  anchor  arrangements  using  Stockless  anchors  with  welded-open 
flukes  were  found  that  could  be  reasonably  installed  with  Navy  Public 
Works  assets  and  that  appeared  to  develop  individual  anchor  efficiencies 
at  least  equal  to  those  achieved  when  pulled  singly  in  sand  and  mud. 

3.  In  mud,  the  efficiency  of  the  stabilized  Stockless  anchor  with 
welded-open  flukes  (fully  opened)  was  approximately  twice  that  of  the 
stabilized  or  unstabilized  Stockless  anchor  with  freely  moving  flukes. 

4.  The  standard  STATO  anchor  performed  poorly  in  San  Diego  sand;  however, 
an  increase  of  about  35*,  in  anchor  width  (stabilizer  extension)  and  a 
reduction  in  fluke  angle  to  about  32  degrees  for  the  3,000-pound  STATO 
corrected  penetration  and  stability  problems  and  increased  anchor  effi¬ 
ciency  from  less  than  10  to  greater  than  20. 

5.  In  mud,  STATO  performance  was  in  relative  agreement  with  previously 
reported  data;  however,  some  rotational  instability  was  noticed,  partic¬ 
ularly  in  the  6K  STATO,  suggesting  the  need  for  an  increase  in  stabilizer 
length. 

6.  Previous  STATO  tests  were  concentrated  in  Port  Hueneme  sand  and  San 
Francisco  Bay  mud.  The  STATO  was  designed  on  the  basis  of  tests  in 
these  seafloors.  The  recent  tests  were  performed  in  seafloors  which 
expanded  performance  data  to  a  more  dense  sand  and  to  a  softer  mud; 
these  tests  suggest  anchor  modifications.  To  expand  the  utility  of  the 
STATO  to  a  broader  range  of  soil  conditions,  stabilizers  should  be 
extended.  When  used  in  sand  only,  the  standard  fluke  angle  should  be 
32  degrees  rather  than  35  degrees. 
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Table  1.  Soil  Property  Data  for  Vibracore  3  -  Indian  Island 
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Table  2.  Summary  of  Test  Data  for  San  Diego  Harbor  Anchor  Tests 


Table  3.  Summary  of  Test  Data  for  San  Diego  Harbor  Mooring  Tests 
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Table  5.  Typical  Data  Output  for  Anchor  Test  Pull 
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Figure  1 .  Test  and  core  locations  at  San  Diego  Harbor  -  location  1 


Figure  2.  Test  and  core  locations  at  San  Diego  Harbor  -  location  2. 
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Figure  3.  Test  and  core  locations  -  Indian  Island. 
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Grain  size  distribution  curves  for  Vibracore  5  -  San  Diego  Harbor. 


iNr>-*r?L-  3960  4  ( **  t  v .  ^-63) 


ECHANICAL  ANALYSIS 


I  LOCATION 


Figure  7.  Grain  size  distribution  curves  for  Vibracore  3(72  to  119-inch  penetration)  -  Indian  Island. 


a.  Navy  Standard  Stockless  Anchor 


Figure  9.  Navy  Stockiess  anchor. 


Figure  11.  Navy  Stockless  anchor  with  stabilizers  and  weided-open  flukes. 


STABILIZER 


Figure  12.  Navy  STATO  anchor. 
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Navy  6,000-pound  STATO  anchor. 


Figure  15.  Welded  BRUCF  anchor. 
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Figure  17.  STHVDHi  anchor. 
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Figure  20.  Hook  anchor. 
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Figure  2 


Figure  23.  Spar  marker  reference  buo\ 
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I).  Indian  Island  System 

Figure  24.  Underwater  portion  of  test  measurement  system. 


deck  layout  showing  cable  pulling  system  and  prerigged 
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Figure  29.  Tandem  anchor  test  setup  for  shank-to-shackle  and  crown-to-shackle  techniques. 


Figure  3l.  Tandem  anchor  deployment  method  used  at  Indian  Island  at  90-foot  water  depth. 


LIFT  TANDEM  CHAIN  USING 

2-PART  SYNTHETIC  THRU  CHAIN  AND  PLACE 

CHAIN  OVER  THE  SIDE  STILL  STRAINED  BY 


Figure  31.  Continued. 


Figure  31.  Continued. 


WCK  UP  ON  OTHER  ANCHOR  USING  SHEAVE  OVER  CROWN  WIRE 
THEN  RELEASE  PELICAN  HOOK  3 


Figure  31.  Continued. 
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a.  Single  mooring  'e»i  i*. 


b.  Dual  mooring  test  pull. 


Figure  32.  Mooring  test  arrangements. 
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SLflND  WASHINGTON _ 

state*  .  3000lbs.  with  18  Inch  stabilizer  extensions 


Figure  33.  Typica!  data  plot  for  anchor  test  pull. 


Figure  34.  STATO  anchor  with  extended  stabilizers  attached  (standard  stabilizer  on  deck). 


Figure  35.  STATO  anchor  with  plate  addition  between  shank  and  wedge  insert  to  reduce 
fluke  angle  to  about  32  degrees. 


Figure  36.  Recommendations  for  STATO  anchor  stabilizer  length 


Appendix  A 

ADDITIONAL  SAN  DIEGO  HARBOR  SEAFLOOR  PROPERTIES 


Twelve  vibracores  were  taken  at  San  Diego.  Of  these,  only  eight 
cores  were  analyzed.  Principally,  San  Diego  Harbor  consists  of  medium 
to  fine  sand  with  up  to  2  to  3  feet  of  overlying  mud  in  the  dredged 
areas  near  the  moorings  (refer  to  Figures  1  and  2).  The  shallow  area 
located  primarily  south  of  the  dredge  channel  shown  in  Figure  2  is  a 
uniform  fine  sand  with  no  detectable  surface  mud  layer.  Grain  size 
curves  for  cores  SDV5  and  SDV6  (Figures  6  and  7  in  the  main  text)  show 
the  extremely  uniform  nature  of  the  area. 

Grain  size  curves  for  the  remaining  six  cores  are  presented  as 
Figures  A-l  through  A-6.  Cores  1,  2,  3,  8,  and  9  were  taken  near  pro¬ 
spective  moorings  and  typically  show  medium  to  fine  sand  at  expected 
anchor  fluke  embedment  depths.  Cores  10,  11,  and  12  were  taken  to 
locate  an  expected  soft  mud  site;  however,  one  was  not  located.  Core  12 
was  a  very  uniform,  fine-grained  sand  to  20  feet;  it  was  not  analyzed  in 
detail.  Cores  10  and  11  showed  a  very  competent  strata  at  3  to  4  feet 
below  the  mud  surface.  This  layer  is  practically  impenetrable  to  standard 
ship  anchors,  yet  it  is  classified  as  the  anchorage  area  for  commercial 
vessels.  The  45-  to  47-inch  increment  of  core  10  (Figure  A-6)  represents 
the  dense  clayey  sand. 

Also  provided  in  this  section  are  plots  of  accumulative  time  versus 
vibracorer  penetration  depth  for  several  apparently  distinct  areas 
(Figures  A-7  through  A-10).  These  curves  are  probably  meaningless  much 
below  5  to  7  feet,  but  they  do  offer  insight  into  the  variability, 
relative  stiffnesses,  and  sensitivities  of  certain  areas.  In  particular, 
Figure  A-8  should  be  noted  for  cores  5,  6,  and  7  at  the  fine  sand  test 
site.  The  curves  are  practically  superimposed,  lending  further  credence 
to  the  uniformity  of  the  fine  sand  test  site. 

Figure  A-ll  provides  recent  vane  shear  data  for  Indian  Island  mud 
gathered  with  a  bottom-sitting  platform.  Shear  strength  increases 
almost  linearly  from  zero  at  the  surface  to  1-1/2  psi  at  21  feet. 

Remolded  shear  strength  readings  were  taken  at  only  two  depths.  These 
data  show  a  relatively  insensitive  soil  where  the  ratio  of  undisturbed 
to  disturbed  strength  was  1.6  at  7  feet  and  2.1  at  10  feet. 
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Figure  A-2.  Grain  size  distribution  turves  for  Vibracorc  2  San  Diego  Harbor. 
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Figure  A-3.  Grain  size  distribution  curves  for  Vibracore  3  -  San  Diego  Harbor. 
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Figure  A-4.  Grain  size  distribution  curves  for  Vibracore  8  -  San  Diego  Harbor. 


Grain  size  distribution  curves  for  Vibracore  9  -  San  Diego  Harbor. 
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Figure  A-6.  drain  size  distribution  curves  for  Vibracore  10  San  Diego  Harbor. 
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Figure  A-9.  Vibracorer  penetration  depth  versus  time  for  cores  8-9  -  San  Diego  Harbor. 


Figure  A-ll.  Vane  shear  strength  profile  for  Indian  Island  mud. 


Appendix  6 

DIMENSIONS  OF  ALL  TESTED  ANCHORS 


General  dimensions  of  all  the  anchors  tested  are  provided.  Also 
included  is  a  tabularized  listing  of  the  location  of  the  instrument 
package  on  the  shank  relative  to  the  shackle  end  of  the  shank. 


Table  B-l.  Location  of  Instrument  Package  on  Anchor  Shank 


Anchor 

Centerline  of  Package  to 

Shank  Tip,  in. 

Name 

Nominal 

Size 

San  Diego 

Indian  Island 

STATO 

1,000  lb 

18 

19-1/4 

3,000  lb 

44 

34 

6,000  lb 

50 

34 

Stockless 

5,000  lb 

45 

42-1/2 

9,000  lb 

29 

32 

STEVFIX 

640  kg 

16 

58 

940  kg 

- 

58 

STEVMUD 

500  kg 

- 

- 

1,000  kg 

- 

- 

STEVDIG 

1,000  kg 

21 

- 

BRUCE 

340  kg 

- 

38 

600  kg 

38 

33 

1,000  kg 

30 

18 

Hook 

560  kg 

29 

43 

83 
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Weight 

(Ibl 


Anchor  Dimentioni  (in.) 
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22-1/8 
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96-7/8 

137-1/18 
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31-1/8 
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48 
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26 

Figure  B-l.  Dimensions  of  standard  Stockless  anchor. 
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Dimensions  of  BRUCE  anchor. 


Dimension  Anchor  SiM 

(mm)  MM  ka 


Figure  B-6.  Dimensions  of  STEVKIX®  anchor 
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Figure  B-8.  Dimensions  of  STEVDIG®  anchor. 


Appendix  C 

STOCKLESS  AND  STATO  ANCHOR  TEST  DATA 


All  test  results  for  the  Stockless  and  STATO  anchors  are  included 
in  this  section.  Anchor  and  deck  tension,  chain  weight  on  bottom, 
anchor  shank  tip  and  crown  penetrations,  anchor  shank  longitudinal 
rotation  (pitch),  and  anchor  transverse  rotation  (roll)  are  plotted  as 
functions  of  true  anchor  drag  distance.  Presented  opposite  each  data 
ploc  is  a  digital  listing  of  all  plotted  data  plus  additional  descriptive 
data  that  may  be  useful  during  the  eventual  analysis  of  the  data.  When 
data  *ere  unavailable  either  through  instrumentation  difficulties  or 
because  the  instrument  pack  was  not  used  due  to  time  constraints  (this 
occurred  at  Indian  Island),  straight  lines  with  a  zero  ordinate  were 
plotted.  There  were  several  instances  at  San  Diego  where  partial  shorts 
at  the  load  cell  electrical  connector  occurred  during  testing.  The 
anchor  load  cell  was  particularly  sensitive  to  these  shorts  since  its 
output,  exclusively,  was  amplified  at  the  anchor  and  transmitted  to  the 
vessel.  When  this  occurred,  all  data  but  anchor  load  cell  were  recorded. 

At  the  fine  sand  site  in  San  Diego  Harbor,  problems  often  occurred  with 
the  pressure  transducer;  these  did  not  occur  at  the  deeper  dense  clayey 
sand  site  at  San  Diego  and  at  Indian  Island.  Apparently,  partial  kinking 
of  the  pressure  transducer  hose  was  sufficient  to  restrict  water  flow 
into  the  hose.  For  those  tests  where  depth  readings  were  obviously  in 
error,  columns  4,  11,  12,  and  13  on  the  data  summaries  are  absent. 

Also,  anchor  shank  penetrations  are  not  listed  or  plotted  for  the  Stockless 
anchor  even  when  package  depth  (column  4)  is  listed.  An  error  was 
detected  in  the  specification  of  package  location  on  the  shank.  The 
correct  location  is  listed  in  Table  B-l.  Shank  penetrations  can  be 
calculated  directly  using  the  correct  location  in  conjunction  with 
anchor  dimensions  listed  in  Appendix  B  and  anchor  shank  angles  listed  in 
Appendix  C.  Listed  on  most  Appendix  C  tables  is  an  embedment  depth  of 
the  centerline  of  the  anchor  shank  at  the  crown  end  of  the  anchor.  This 
depth  was  recorded  by  crown  wire  measurement  at  the  end  of  the  test. 

This  value  reflects  only  the  condition  of  the  anchor  at  the  end  of  drag 
and  not  necessarily  peak  anchor  embedment. 
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Anchor  force 
Deck  force 


JU.U  35.0  <0.0 

Anchor  Drag  Distance 


30-3  '-35.0  10.0  45.0  50.0  55.0  60.3  65.0  70.0 


STOckiFss  ANCnne  TF5T 


•  ...V  ■'—*•'■  "fc- •=«,-  - 


-1 


Day  #  -  92 
Test  No.  -  3 
Test  Series  No. 


TfST  ..4TF 
TFST  NO. 

TFST  SFOTFs 
TFST  A Of  A 
ST  APT -FNn  Tl*fS 
SFAFlftOP  TVPF 
4NCHO0  Tvop 
ANC«Op  WFTGHT 
rpHTf  AnO|  F.TTOF, 

«iii.  amCmoo  r *pf 
Aim.  ivr«oD  wFIsht 

4NCMOO  SFPAQATlON 
nFoercsooc .NO ,-WT .PtrH-TflT *1  wf. 

MooPtNr,  i  inf  pescoiptton 


®2 

3 

s 

SAW  01E6O  HfcOftOO  JSAft  FT.  sohtmcasi  of  what  4* 

1001  -  1 o | 3 

F|NF  SANA  PATTON.  PFPTN  I  1-1?  FT.  *11 W 

STOCKlFSC  .5ftnft|p.  STAPH  T7F»S-AftftLB.  / OO .  TP  OFC,.  F».  Fl»WF 
S«5ft.ftft  i“, 

-»s.oo  Dfr..  •  |  «**nv  i *r i * 

ft.no  i". 

0.0  FPFT 

i\  -  n.o  -  o.o  \ «. 

8NCHOO  TO  IPftFT  ?|N.  STHO(  IN*  CHAIN  TO  4ftAFT  ?!»',  BtPF  OOOF 


NOTF  -  f  N I T  |  Al  <fHA»'IT  Of  PTH  7FPOFO  Tl»  OfFlFCT  MFAS'lOrP  *4  TFQI1FPTM 


OPAf.  OjCTAMCf  S,  POT  AT  |OM  ANO|  F 
OFC*  TFnSION  a.  A«|A(  F 

j.iChop  TFNPIOW 
p AC*  A Of  OFPTH 


Q,  CHAIN  J.PNGTH  nN  »0TTr>* 

|0.  '“MAIN  wr|6MT  n»i  HOT  TO* 

w  I PF  poof  A»iC.|  r  ||  .  anCHOo  ruOPN  OFpth 

OFCk  hopi>.  Fnorf  \ ?.  amChoo  <h*»'*  tIp  OFpth 


»3.  ANCmoP  F|_n*rr  TIP  OFPTH 

|*.  HATFP  OfPTH 

jS.  TOT  Al  POTTO*  WFJOMT 


1 

3 

4  * 

#. 

7 

4 

1  ft 

1  1 

\p 

17 

14 

1  s 

FFr  f 

«tn« 

IO« 

ff|T  i'fr. 

nFc, 

OFc, 

*|PS  rFf  T 

«  PS 

FFFT 

FFFT 

FFFT 

FFFT 

t 

7,  a 

7.  1 

o. ft 

ft. n 

73.4 

4.S  |77.l 

S4TS.S 

IS.n 

1  1  4  7C  .  S 

4.n 

17.7 

ft. n 

ft, a 

*?.<> 

•  1  1.7  1 15. A 

34SQ.4 

•  •••• 

»»•<« 

15. A 

04A4.4 

a.o 

7ft.  ■» 

ft. ft 

••••■  ft. ft 

ft. ** 

\t*.? 

TP. 7  41.7 

1043. « 

•  •••• 

•  •••• 

15.  A 

7P1 3.B 

■*.0 

?7.4 

i». ft 

•••••  ft .0 

ft, n 

14. ft 

74.3  ?3.7 

7S7.7 

•  •••• 

•  •••• 

#•••• 

IS. A 

4707. 7 

1  n.o 

74.3 

n. ft 

•••*•  ft. ft 

ft. ft 

15.3 

7S.4  47.7 

1  74  J  .  • 

•  •••• 

•  •••• 

•  •••• 

15. n 

7701 ,A 

l?.n 

H.4 

ft. ft 

■  ••••  ft. ft 

n. ft 

1  7.3 

3ft. 4 

3.3.  S 

1 A47.4 

»•••• 

•  •••* 

•  •••• 

IS. A 

70 \  T.4 

1  3. ft 

<•1  .5 

a. n 

r*. « 

I?.* 

4ft.  S 

ft. ft 

1 A47.4 

IS. A 

TA 17.4 

MAT  F  - 

►  LI  °Ul  L 

l  INF 

ANP  Chain  IS 

OFF  BnTTh*  AT 

13.0  FFft 

14. ft 

4*.  A 

ft. ft 

ft. ft 

17.5 

4S.K 

O.ft 

Jft47.4 

IS. A 

7ftf  7.4 

NATf- 

AI  L  °"LL 

1  INF 

ANA  CHAIN  fS 

OFF  PftTTn*  AT 

1#. ft  7FF  f 

l*.ft 

4?.« 

ft  .  ft 

A. ft 

1ft.  ft 

41  .7 

O.ft 

| 047.4 

•  •••• 

IS. A 

7A1 T.4 

matf- 

Al  |  P>l|  1 

L  |NF 

AND  ChA  !»■  JS 

OFF  Anti 

n*  AT 

10. ft  FCFT 

Pft.ft 

*4.1 

ft. ft 

ft. ft 

Ifl.S 

«?.7 

ft. ft 

IA47.4 

IS. A 

70 J  T.4 

MOTF- 

A|  1  PI  II  1 

|  INF 

ANC  CHAIN  is 

OFF  PnTTn*  AT 

?ft.fl  Frr? 

*?.o 

«4.1 

ft. ft 

ft. ft 

II.  A 

B7.7 

O.ft 

1047.4 

IS. A 

7ft 1 7.4 

NOTF- 

*U  eUI  L 

LINF 

ana  Chain  |S 

OFF  Bn  T  T 

n*  AT 

pp.ft  efft 

?4.0 

5S.7 

ft. ft 

ft. ft 

Ift.o 

S4.P 

ft. ft 

)fl47.4 

15. A 

7ft  1  7 . 4 

MftTF- 

All  PULI 

t  INF 

ANA  rnaiw  |S 

OFF  BnTTft*  AT 

74, ft  ffft 

?4.<1 

57.7 

ft. ft 

ft. ft 

10.7 

C4,p 

ft. ft 

1047.4 

IS. A 

7ft 1 7.4 

MOTF. 

ALL  PULL 

ITNF 

anO  chain  is 

OFF  BftTTn*  AT 

74. ft  ffft 

?*.o 

47.7 

ft. ft 

•••••  fttft 

O.A 

10. « 

44. T 

0.0 

1047.4 

IS. ft 

7017.4 

NpTF- 

AH.  PULI 

1  INF 

anC  chain  is 

OFF  BnTTO*  AT 

7* . ft  ffft 

15. A 

7$. ft 

51.7 

ft. ft 

•••••  ft. n 

ft. ft 

10. F 

SO. 7 

O.ft 

1 A47.4 

7017.4 

WATF- 

All  PU(l 

l  fw 

anC  cma  !#•  IS 

OFF  PnTTO*  »T 

In, ft  Ffft 

PITTANCE  PAPfit  TRAVELLED  ?ft.o 
DISTANCE  ANCHOR  TBAVfl  LfP  10.#* 


Note  Anchor  depth  at  end 
of  drag  -neasured  - 
centerline  of  shank  at 
anchor  crown  ”  34  inches. 


••oTF  -  ooSTtIvF  sham* 
ANPi  F  TmOICatfS 
cmAhw  TfP  B*|  o* 
roowM 


-P 

0) 

<P 

u. 


0) 

(0 

<D 

L 

CD 

<V 

O 


CO 

Q_ 

*—i 

v: 


0.0 


5.0 


50.0 
10. 0 
30.0  - 
20.0  - 
10.0  - 
0.0  - 
-10.0  - 
-20.0  - 
-30.0  - 
-40.0 
-50.0  H 


*  - 
7  - 


0.0  5.0 


SflN  DIEGO  HARBOR  1500  FT.  SOUTHERST  OF  BUOY  4 


erles  No.  **  5 


stockless  , 5QQQtb.  stablllzer6~6QQlb.  /pr.  35  deg,  fj 
fine  sand  bottom,  depth  11~12  ft.  mllw 


LEGEND 

o-  Crown  Penetration 
b  -  Shank  Tip  Penetration 


LEGEND 

*  “  Transverse  Rotation 
v  -  Longitudinal  Rotation 


LEGEND 


o  -  Chain  Weight  on  Bottom - ® 

*  “  Anchor  Force  /  \ 

v  -  Deck  Force  / 

J 


FT.  SOUTHEAST  OF  BUOY  4R 


i.  l  i  -7P.rg-6QQlb.  /pr. _ 35_ 

deq.  fx. 

f  l  uke 

depth  11~12  ft.  mlLw 

»■  ■  a - 0 - ® 

25.0  30.0  35.0  40.0 

$ 

“T 1 

15.0 

50.0 

■  — - 

.  _  .  .  . 

y  -sw - * - ^ 

2S.0  30.0  35.0  10.0 

$ 

45.0 

50.0 

'  1  ”  T  1  “  | 

25.0  30.0  3S.0  40.0 

Anchor  Drag  Distance 

45.0 

50.0 

STATO 


ANCHOR  Tf ST 


srt 


Day  «  —  92  ==_< 

Test  No.  -  1 

Test  Series  No.  “ 


TEST  DATE 
TE5T  *1. 

TF5T  SERIFS 
TEST  AoEa 

ST*»T~?*n  T I—Cs 
SEAFlooR  Typr 
anchor  Type 

ANCMDR  WEIGHT 
EI.URE  ‘NT*  F- TYPE. 

AMI*  anchor  type 

AMI*  ANCHOR  WEIGHT 
PAIN-AUK  ANCHOR  SfPABATlON 
OC*Nf$VM>S.  NO. -NT  .EACH-TOTAL  ¥T  . 
MOORING  LINE  DESCRIPTION 


can  nifC.r.  HApRoo  |S<||)  FT.  SOUTHFAST  OF  «tk)T  SR 
1054  -  1>44 

FlNf  SANP  BOTTOM.  DEPTH  n-1?  FT.  MIL* 

STATO  •  I  OOOf  A-  I A  IN.  STiRfi  I FFPK  IS  OFT,.  MOV. Ft  JprFS 

1070.00  L«. 

is.no  nf«.  -  n  o.mov  i«rii 

o.nn  (R. 
o.o  fff t 

A  -  n.O  -  0.0  IR. 

ANCHOR  TO  lAOFT  ?  IN.  STlini  ]N«  CHAIN  TO  400FT  ?tw,  U|PF  POOF 


a) 

<p 

L_ 


NOTE  -  INITIAI  cMAMtf  OCPTH  7EoOFf)  TO  oFFlFCT  HFASlIpFD  RATFpOEPTm 


1.  DRAG 

DISTANCE 

A, 

rotation  A*r.|  r  q. 

FHAIn 

Length 

ON  RoT Ton 

J  1.  AnCH^O  Fi  iiwr 

TIP  DEPTH  »irt  Tr 

-  POSITIVE  AMA»," 

?.  ore* 

TENSION 

4. 

SHAN* 

ANGLE  !«. 

rMAlN 

*f  JGmt 

ON  ROTTOM 

14.  «ATFC 

ofdtm 

*NGl  F  TNfllf  ATFC 

3.  anchor  tfnSIon  t. 

VlPf  POPE  A*i<H  F  11. 

ANCHO« 

cponn 

DEPTH 

IS.  TDTA| 

BOTTOM 

wrir.MT 

RH*mr  T fp  Rnrtu 

A. 

OCCR  MOR 17.  FDOCf  1?. 

ANCHOO 

RMANK 

TIP  DEPTH 

CPONN 

1 

? 

3 

« 

s 

6  7 

5 

9 

10 

11 

1? 

13 

1* 

1 R 

FFCT 

RIPS 

RIPS 

FEET 

Ofc. 

Of  G  Dfr, 

it  |PS 

rf  f  T 

1  "S 

FEET 

FEET 

FEET 

f  eft 

1  “R 

0.6 

n.3 

0.0 

15.9 

-l?.s 

S.« 

12.4 

H*.S 

1TT2.1 

15.1 

15.4 

17. S 

14.n 

M 

n.i 

2.0 

IS. A 

-12.0 

I O  «  A 

12.5 

111.0 

3532.0 

14.4 

IS. 5 

17.| 

16.0 

4.1 

1G.  A 

4.0 

IS. A 

-12.0 

10. 0 

15.4 

77.3 

2440.4 

14.7 

IS. 7 

17.1 

14.0 

20. S 

7.0 

10.1 

-12.0 

I4.A 

19.3 

45.2 

1439.5 

14.4 

14.1 

17. S 

16.0 

i.'f 

1S.S 

“*.0 

15.  R 

-13.0 

14. R 

17. S 

77.3 

2440.4 

14.1 

15.R 

17.0 

16.0 

10*0 

h.) 

2.0 

1S.S 

-31.0 

21. R 

12.4 

124. A 

1949.9 

)4.o 

12.6 

10.3 

1.5 

IS.* 

-40.0 

22.0 

9.7 

153.4 

4AR2.4 

14.0 

1J.T 

H.3 

1.0 

15.5 

-43.0 

24. R 

9.5 

141.3 

4496,5 

16.0 

DTST<nCF  RAV6T  TBOvttLFD 

13.0 

DISTANCE  anchor  TRAVELLED 


-25. 0 


-20.0  - 
*15.0  - 
-10.0  - 
-5.0- 
0.0 
5.0- 
10.0- 
15.0  -I 
20.0-1 
25.0 


o 

A 


-  r-2  .  „  r% - £-3 


0.0 


5.0 


« 

© 

© 

L 

cn 

© 

a 


50.0 
SO.O  - 
30.0- 
20.0- 
10.0 
0.0 
-10.0 
-20.0- 
-30.0- 
-40.0  - 
-50.0- 


X  - 
7  - 

-R- 


-I  v-‘ 


-* - * - *- 


0.0 


5.0 


Degrees  Feet 


FT.  SDUTHERST  OF  BUOY  49 


stablllzers~67Qlb/pr.  35  deg,  fv  flukes 


depth  1 1  —  1 2  ft.  mllw 


r"\ 


V"  * 


»°  30-0  35. 0  40.0 

Anchor  Drag  Distance 


5Tf>riaF5S  *M>oe  TF5T 


itST  n*Tf 
Tf5T  MO. 

TF<T  CFOl^S 
TF5T  *eF* 

<T*OT-fNn  fI*iFs 
5FAFiDOfi  TyPF 
anPhop  T»Pf 
**jrHAo  wrjr-MT 
F(>>kc  i*,r,|  f-TyOf  , 
tm ,  tur^no  fvof 
AM*.  **t<“HAO  |r.H! 

MAtN-AHl  4HJC-00  CrPftPATlOM 
r,foof<;«Lr»D«:,NO.-WT.F4fH-t^T4L  *T. 
mnnojwr,  i  i*f  nfsrP|PTiPN 


CAN  OlFf.n  HA9«no  154ft  Ft.  5a,iTmFa5T  r\T  Onn* 

1544  -  I4ft0 

ft*jF  SANO  ROTTO-.  OfPTH  |)-I>  FT.  M[  i  . 

5T0C>aF55  .OflftfllO.  5TA«tl  1  /FQS-*-Trt,  B/B8,  1=,  «F4.  F«.  Ft.<*F5 

U37ft.0<*  l  R. 

l5.ftft  Off..  -  1  «*«<r.v  lsfl* 

ft. On  i  ®. 

0.0  F*Ft 

A  -  n.o  -  ft. ft  • 

ANCHOR  TA  |  anF  t  ?lN.  cTtif'L  |4-  Tm*!**  tn  i.nnM  m'of  poof 


MAtr  -  |»l|  T  1  A|  cMAvif  Hf  P  Tm  7FDOFA  TO  D»  F I  F  r  T  uFAAilpFO  vATFpOFPTm 


Op*'-.  0|<T4mCF  c.  ROTATION  »»|'I  F  9.  |  fl*1  °OTTam 

af<“«-  TFN5ION  a.  5«ank  ANf«|  F  1ft.  rniTN  wr  I  &h  t  on  oottOn 

a.ipHOO  tension  T.  wloF  POPF  *‘-A|  f  n.  anchor  roov»N  nrpTM 

oaC*AGF  0FPT»-  «.  OF  C*  HOD  IF,  FOOCF  1?.  ANfHOO  chan*  TIP  OFpth 


*1.  «»|n-AO  F  |  l  t»f  F  T  1  D  r>FOTH 

14.  *AtFO  Moth 

15.  TOTAt  ROTTOM  wF \ OUT 


7 

ft 

9 

1ft 

1  1 

1? 

1  7 

14 

1  c 

OF  r. 

*1P5 

fFFT 

I  “5 

FFFT 

FFFT 

FfF  T 

FFfT 

1  °« 

7.7 

»«*.7 

1  07,4 

oftl 7, » 

14.4 

1  7.5 

14.0 

15.0 

1 71 01. ft 

7.7 

»9.« 

1«3.5 

575ft.  7 

14.5 

13.9 

1  7.4 

15.0 

1  71  7".  7 

7. ft 

77. ft 

1  7?. 5 

54  ft  ft  .  4 

14.7 

14.0 

1  7.4 

15.0 

1 *ftca.4 

4.4 

79.  *» 

I  <5.5 

4047.5 

14.7 

15.7 

17.7 

15.0 

>4117.5 

5.? 

44. «* 

1  7?. 4 

4? 17.1 

14.7 

15.9 

10. ft 

15.o 

15507.1 

4.5 

cQ.ft 

1  1?.4 

1504.1 

14.4 

14.7 

1  ".4 

15.o 

1  4  95<*.  1 

7.9 

74. « 

100.7 

7  1  Oft.  5 

n.“ 

14.4 

1«. ft 

15.o 

1 4  54  « . 5 

7.7 

49.9 

118.4 

7774.7 

17.4 

14.4 

17.0 

15.0 

15144.7 

3.7 

75. « 

1  04.4 

7707.1 

1  3.5 

14.1 

17.7 

15.0 

14757.1 

7.4 

70,9 

1*0.5 

7077.5 

17.4 

14.4 

17.0 

15.o 

15747.5 

3.4 

44.0 

17?. 7 

4?l ft.? 

1  7,7 

14.7 

17.  5 

15.0 

1 S5ft«  , 7 

3.4 

07.9 

154.0 

4O00.Q 

1?.7 

15.4 

14.7 

15.o 

1477ft. 9 

3.7 

45.9 

174.7 

441?. 5 

\?,y 

15.0 

1  7. ft 

15.0 

1  54  ft  ^ . 5 

4.? 

59,  « 

1??.5 

7097.7 

1  7.? 

14.7 

1  7.5 

15.0 

1 5  ?4  7.7 

7.9 

44.0 

121.4 

I  7.4 

14.1 

17.7 

15.0 

1 5?4ft  .  4 

3.4 

«4  .  « 

9?. « 

7054.4 

17. ft 

14.7 

1  7. 4 

16.  « 

(4774.4 

3.0 

T7.7 

99.? 

7155.4 

17. ft 

14.7 

17.4 

15.o 

1 4575.4 

7.5 

54.0 

151.? 

4«U.ft 

1  ?  •  7 

14.1 

17.7 

15.0 

141*1  .ft 

4.0 

40.0 

1?4.0 

4ft74.5 

1?.l 

15.5 

14.4 

15,o 

1 54ft4.5 

4.0 

49.4 

15?. 1 

4070.7 

1?.3 

15.4 

14.7 

15.0 

1  4?ftft  .  7 

4.1 

43.3 

117.9 

7751  .5 

1?.o 

14. ft 

17.7 

15.0 

15171 .5 

4.1 

54.9 

137.0 

4359.? 

1?.9 

16.1 

17.7 

15.0 

15770.? 

Day  «  -  95 
Test  No.  -  2 

Test  Series  No 
-25.0  -|— — — ■ 
-20.0  - 
-15.0  - 
-10.0  - 

P  ~5-°- . 

Q)  O.o-  l- 
*-  5.0  - 

10.0  - 
15.0  - 
20.0  - 

25.0 - 


DISTANCE  *ARGF  travellfd  «»?.o 

ormwr  wchor  Twvmn  41  .* 


n«<ntvF 

»NOt F  Tn«TC«TF« 

cmiuh  TIP  PF|  nw 

roOw»> 


CO 

0)  10.0 

o 

c_  0.0 

CD 

a)  -10.0 

a 

-20.0 

-30.0 

-10.0 

-50.0 


100.0 

90.0 

80.0 

70.0 

60.0 

50.0 

10.0 

30.0 

20.0 

10.0 

0.0 


r  eei 


Day  *»  -  95 
Test  No.  - 


SflN  0 T EGO  HARBOR  1500  FT.  SOUTHCRST  OF  BUO1 

stockless  ,  90001b.  stab>-llzers-67Qlb/pr.  35  deg. 


Test  Series  No.  “  13 


fine  sand  bottom,  depth  1 1 — 1 2  ft.  mill 


-25.0 

-20.0 

-15.0 

-10.0 


lEGCND 

o-  Crown  Penetration 
a-  Shank  Tip  Penetration 


LEGEND 

*“  Transverse  Rotation 
7  -  Long^t  ugi-l-rnSb  -  Rtrtat-toft 


-9-- .-a_— 9---V- 


■  9 - 9 - 9-. 


9  --7 


legend 

o  “  Chain  Weight  on  Bottom 
*  -  Anchor  So.rce. 

7  -  Deck  Eorce^ 

/ 

/ 


Anchor  Drag  Distance 


FT.  SOUTHERST  OF  BUOY  49 


b.  slabLLlzers~670lb/pr.  35  deg.  f Lukes 

J _ A  U  11—10  Ci  .1  In 


25.0  30.0  35.0  40.0  45.0  50.0  55.0  60.0  65. 0  70.0 

$ 


2S.0  30.0  35.0  40.0  45.0  50.0  55.0  60.3  65.0  70.0 

_ f5 


Day  «  -  95  SflN 
Test  No.  -  l 
Test  Series  No.  -  H 
-25. 0  ■  — — 

-20.0- 

-15.0-  O  -  ( 


TEST  DATE 
TEST  NO. 

TEST  SERIFS 
TEST  AREA 
START-END  TIMES 
SEaFloor  type 

ANCHOR  TYPE 
ANCHOR  MFTGNT 

Fiijkf  an«i f-tvpe. 

All  V  •  AnCmop  TYPE 
*u«.  AnC«OP  WEIGHT 
MAlN-AlIX  ANCHOR  SfPAPATlON 
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.  100  SAN  DIEGO  HARBOR  1500  FT.  SOUTHEAST  OF  BUOY  49 

lo.  -  3  stato _ , 30001b.  18  In.  stablllzerext.  37  deg,  mov.  fLuk 

erles  No.  "  14  fine  sand  bottom,  depth  11~12  ft.  mLLw _ __ 
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4  A  A  4 . 1 

17.7 

ftS.tl 

64.0 

I7.| 

-7.0 

17.0 

?.8 

04. O 

114.7 

IftSO . 9 

IS. 5 

17.0 

19.4 

14.5 

AftSft.O 

1ft. 7 

ftft.O 

S7.0 

17.0 

ft.o 

IS. ft 

?.A 

AA.O 

1  ?3.0 

1944.0 

1S.0 

17.0 

19.1 

14.5 

ft94*.ft 

41.6 

7ft. S 

50. S 

16. A 

14.0 

17. S 

?.B 

79.4 

138.5 

44fl A . ft 

14.? 

17.4 

1  A  ,  4 

14.5 

TAOA.ft 

DISTANCE  RArGE  TOAVEl LEO 
DISTANCE  ANCHOR  TRAVELLED 


Note  Anchor  depth  at  end 
o»  drag  measured  - 
centerline  of  mank  at 
anchor  crown  ■  18  inches. 


•>OTF  -  DOSfTfVF  SHAN* 

ANGf  f  (MOTCATFc 
sham*  tip  prt ow 


-20.0 ■ 
-15.0  ■ 
-10.0 
-5.0 
0.0 
5.0 
10.0 
15.0 
20.0 
25.0 


o  -  Cn 

a  -  Sh 


w 

0  10.0 
a> 

L  0.0 

cn 

©  -10.0 

a 

-20.0 

-30.0 

-40.0 

-50.0 


*  -  Tr* 
v  -  Ld 


L - y---y- 


100.0  • 
90.0  • 
00.0  • 
70.0 
GO.  0 
50  0 
40.0 
30.0 
20,  0 
10.0 
0.0 


O-  C\ 
*  -  fir 
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-  100  SRN  DIEGO  HRRBQR  1500  FT.  S0UTHER5T  .QLBUOY  49  __ 

No.  -  4  stalo  ,3QQQLb.  18  In.  stablllzerexi.  3l,5deq.mov,  flukes 

Series  No.  “  H  fine  sand  bottom,  depth  1 1  ~  1 2  ft.  mllw _ 


LEGEND 

o-  Crown  Penetration 
a-  Shank  Tip  Penetration 


- A - A - 


LEGEND 

*-  Transverse  Rotation 
9-  Longitudinal  Rolatlon 


-9 — 9 


_  -  V - v _ ^  -  47 - -9-  -  •  47-  • 


V - 47 - V- 


--9 - 9- 


.  -  ^  9-  - 


LEGEND 

Chain  Weight  on  Bottapi - - 

Anchor  force 
Deck  force  . 

jr 

f  *—*•"» 

y 


v  \ 


--M - * 


30.0  35.0  40.0 

Anchor  Drag  Distance 


1500  FT.  SOUTHEAST  OF  BU0Y49 


p3QQQlb.  18  in.  stabLIUerext.  31.5deq.’nov.  flukes 
|>oilQm.  depth  1 1  ~  1 2  ft.  mllw 

r - 
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rrr^sr 


Day  «  -  100  SflN 

Test  No.  -  5 
Test  Series  No.  ■  M 


STATO  AnChQB  TC5T 


TMT.om 

T€$T.  NO. 

TCST  SfBtFS 
TC«5T  A  »€* 

STABT-CMO  T  I **F  S 
SCAflOrt*  TVP€ 

ANCHrtB  TYPf 
AnCMOO  WFJGHT 
FlIJ*F  ANGlf-TVPF. 

AO*.  ANCHCIQ  TVPF 
A|t*.  ANCHOB  WEIGHT 
HAlN-AUI  ANCMHO  6FPABOUftN 

OFP»r«;«;ops.NO.-«T.^ArM-roTAe  *t. 

HOOPING  I  INC  DCSCO 1PT  ION 


100 

5 

14 

6  AN  DlFGn  HABBOO  mno  FT.  SnilTMFA6T  OF  BlIOY  *B 

|6.3fl  -  UAA 

FINE  SANn  BOTTOM.  OFPTH  11-12  FT.  MH.W 

ctato  .3onoi«.  nobpai  stabilItfbs  n  .snFr..nov.  fluffs 

3000. On  i«. 

3i.sn  Ofr.,  „  n  n»nOV  i»FT* 

0 .On  i  m. 

0.0  FFFT 

n  -  o.o  -  0.0  L«. 

&NCH0O  TO  1 AflFT  2|N,  ATimi 1NY  C*AlN  TO  4ftOFT  2IN.  H ! OF  OOPF 


NOfF  -  INITIAL  cM4m«  OFPTH  7FOOCO  TO  BfFl. FCT  MF*snorr»  .1  f Fppfp th 


1  .  noAC. 

DIsTANCF 

c. 

POTATION  ANO|  F 

9. 

CHAIN 

fnC.TH 

0*  OftTTftM 

13.  AMfMno  F|,,*F 

Tip  flFPTN 

?.  6FC* 

TfMOrtN 

6. 

S*ANK 

ANC-1.F 

10. 

CHAIN 

pF|G«T 

ON  OfttT'lM 

14.  matfp  nFOfM 

3.  AnCmOO  TFnSIom  f. 

WIPF  PrtPF  A«.r.|  r 

11. 

ANCMOP 

CPOPN 

DFOTH 

|S.  TOT  A| 

ROTTOM 

WFIOMT 

4.  otC«AGF  OFPT*- 

OFCk  mob  I/.  FnoCF  12. 

ANCHOO 

cmAnk 

TIP  flFPTN 

1 

? 

3 

4 

s 

6 

7 

a 

o 

l« 

1  1 

1? 

13 

14 

16 

FFFT 

KIPS 

F  I  OS 

FFET 

PFG 

r>Fc, 

Off, 

F  IPS 

rFFT 

1  05 

FFFT 

fFft 

FFFT 

FFFT 

I  os 

0.0 

!■.« 

0.0 

I4.S 

-4.S 

10. s 

7.  A 

17.0 

(90.0 

5040 . 7 

13.2 

IS.? 

17.1 

IS. 3 

0040.7 

2.0 

3?.0 

0.0 

1S.0 

-4.5 

10.3 

6.S 

■*l.o 

146.7 

4669. 1 

13.7 

is.  4 

17.6 

IS. 3 

7669. | 

3.6 

3<».6 

0.0 

IS. 4 

-4.5 

10. « 

S.3 

30.0 

147.4 

4699.1 

16. | 

16. ft 

»A.  1 

IS. 3 

7609. 1 

s.* 

3S.0 

0.0 

IS. 7 

-4.5 

10. ft 

S.O 

34,0 

164.7 

5241.1 

14.4 

16.3 

10.4 

IS.? 

4241 . 1 

7.6 

3«.0 

0.0 

IS.* 

-4.5 

10. « 

S.3 

37.0 

ISO. 3 

4701 .S 

14. S 

16.4 

|  0.6 

IS. 3 

770,  .6 

9.6 

45.0 

O.o 

>6.0 

-4.5 

10.3 

S.l 

44.0 

1  34.9 

4?91.4 

16.7 

16.6 

10.6 

IS.? 

7?9,  .4 

ll.S 

60.0 

0.0 

I*. 3 

-r  .o 

1  3. ft 

4.S 

69, 6 

112.6 

3604 . 1 

14.7 

17.3 

10.9 

is.? 

6604>  i 

13.6 

57.0 

0.0 

16.? 

-11  ,R 

16. ft 

4.4 

*6.0 

123.1 

3910.6 

is.? 

6910.6 

IS. 6 

2*.  S 

0.0 

IS, 4 

-14.  s 

is. ft 

s.s 

*4.4 

*13.7 

6943.4 

IS. 3 

4943.4 

OISTANCF  BAOGF  TPAVFM.F0 

16.0 

f>I<T ANCE  ANCHOO  TBAVFl.lCO  IS. 4 


»*OTF  -  oft*:  T  T  T  VF  «H««w 

I  no  |  f  »  tf  « 
*maw  TfP  pri  ow 
cpown 


i - 1 — 

0.0  s.o 


0.0  5.0 


CO 

Q_ 

•— i 


100.0 

90.0 

80.0 

70.9 

60.0 

50.0 

40.0 

30.0 

20.0 

10.0 

0.0 


0.0  S.O 


100  sm  DIEGO  HRRBQR  1500  FT.  SOUTHEAST  OF  BUOY 


stoto _ ,  30001b.  normal  stabilizers _ 31 . 5dea.  moy 

fine  sand  bottom,  depth  1 1~ 12  ft.  mllu 


LEGEND 

o -  Crown  Penetration 
a  -  Shank  Tip  Penetration 


r.O.-.--'0 . -O..HTO. 

■-A - A - A 


10.0 


15.0 


20.0 


25. 0 


30.0 


— i - 

35.0 


10.0 


IS 


.0  30.0  3S.0  40.0  45.0  50.0  55.0  60.0  65.0  70.0 

_  $ 


0  30.0  35.0  40.0  45.0  50.0  55. 0  60.0  65.0  70.0 

Anchor  Drag  Distance 


125 


tnt  MTt 

«fer<9 

test  »*c* 
Ttmt-eno  Tinfs 

*CTum* 

-  Tr*f 


*NC*«y>  ■CldHT 
^LU"f  lndCflTTPC  , 

AU«*  ANCmG»  TTPf 
Ayl.  ANCHOR  tffIGMT 
HAtW-AUl  ANCHOR  SEPARATION 
OEPRfSSORS. NO. -«T. EACH-TOTAL  WT. 
NOO*fNt  «J"*  DESCRIPTION 


ANCHOR  TE5T 


19 

CAN  OIFGO  H ARADO  ISOO  FT.  SOUT MF ART  OF  AtJOT  49 

1161  -  II?? 

r In€  SAND  BOTTOM.  DEPTH  ||-1?  FT.  mllw 

<TaTO  .4000l4«  MO***At  STAfllllFERS  1?  OFG.  *OV. 

6000. on  i*. 

17.00  OFG.  .  0  ft»HOV  I  »F  I  > 

0  .on  1  R . 

0.0  FFFT 

0  -  0,0  -  0.0  L«. 

ANCHOR  TO  1 ROF T  7.SIN.  STuDt.  INK  CHAIN  TO  340ET  ?IN  WIRE  ROPF 


Day  #  -  10i 
Test  No.  -  l 
lest  Series.  No. 
-25.3 
"20.  0  -I 


Sfl 


(V 

a) 

u. 


NOT€  -  INI  T I  At  CHANA  DEPTH  7FROFO  TO  RfFifry  **FASi»oFn  WATFRDEPTM 


1.  DRAG  01  STANCE 
?.  DECK  TENSION 

irmcvar  Train** 

4.  PACKAGE  OCPTN 


ROTATION  ANSI  f  9, 
SHANK  ANGLE  1ft. 
WIRE  ROPE  AnGic  ||, 
OCCK  HORI 7.  FOOCC  !?■ 


GHAIN  LrN&TM  r>N  RnTTOH 
fHA IN  *CIGHT  on  POTTO* 

ANCHOO  crown  ofpth 
ANCHOR  CHAN*  TIP  DEPTH 


11.  anchor  f i  L*f r  TIP  ofptM 

|4.  wATFo  OfotH 

|5.  TOTAL  BOTTOM  WEIGHT 


I  T 

3 

< 

A 

7 

R 

4 

10 

11 

1? 

13 

14 

is 

rEFT 

rFFT 

rFFT 

rFFi 

FFFT 

x  n  ^ 

i 

O.ft 

1  A  .9 

-4.5 

5.1 

7.3 

>4.  A 

1  7?. 4 

•A AS . t 

14.7 

15.1 

1  9 .6 

1S.1 

1 4A4S. | 

*.*  3».5 

?.? 

14.9 

-4.3 

4.1 

5.9 

lA.l 

145.4 

7115.7 

14.4 

15.7 

19.4 

15.3 

•1  3715.7 

n  n  c  n 

A.I  44. 9 

11.3 

14.4 

-4.3 

3.» 

5.6 

44.3 

136.4 

ARA4.C 

14.5 

15.1 

19.4 

15.1 

17464.0 

».•  AS. 9 

19.9 

14.4 

-7.5 

10.5 

5.4 

44.3 

I  10.6 

6549.0 

1  1.7 

15.4 

1  4.0 

15.1 

1754P.0 

r.v  "«.r 

75.0 

13.0 

-7.5 

A.O 

4.4 

A4.A 

11?. 7 

GA54.1 

13.4 

15. A 

19.  S 

15.1 

11454.7 

4.7  Bfl.O 

3T.9 

IS. 7 

-?.s 

T.n 

A.I 

74.  R 

161.4 

5?ft4.1 

14.4 

15.* 

1  A  .  4 

1S.1 

n?n*.i 

50.0  -| 

11.*  10?. 0 

ST.  S 

>9.1 

-?.5 

7.1 

3.4 

1M.« 

A5.1 

4?A9 .9 

14.4 

IS. 4 

19,4 

15.7 

1  ft?* A  ,  A 

133  11*. • 

»T.S 

19.9 

-?.5 

7.5 

3.7 

1ft?, 4 

94. S 

4?36.« 

14.5 

16.1 

1S.1 

15.7 

1973A.9 

19.9  1?*.« 

B9.9 

15. S 

-?.5 

i.ft 

3.5 

114. R 

77.4 

1RR0.A 

14.4 

16.1 

14.0 

15.1 

9440 , 6 

40  0  - 

17,1  124.9 

99.9 

15.9 

-3.5 

9 ,  n 

3.4 

1*3. R 

76.9 

1AS?.<* 

14.3 

16.? 

14. ft 

15.1 

9A5  ? . 4 

HCTrm.V 

n.i 

193 

-4 , 5 

in.n 

3.4 

1  *4.  A 

44.7 

1446.6 

14.7 

16.3 

14.9 

15.3 

949A.6 

p» 

?1.»  13?. 9 

43.9 

IS. 6 

-4.0 

10.1 

3.3 

131  ,  A 

71.4 

1A07.0 

14.7 

16.1 

14.0 

15.1 

9407.9 

30  0  - 

x  - 

■t 

?3.S  131.0 

44.  A 

1S.S 

-B.5 

ll.R 

3.3 

no. a 

73.1 

1A65.S 

l  3.9 

16.7 

14.7 

15.1 

964S.5 

?r.r  i m. •  n».f 

15.4 

-l*.f 

1?.S 

3.3 

ns. * 

6? .  9 

3147. A 

13.5" 

T6.I 

19. A 

15.N 

5167,4 

\  i 

IT.l  134.9 

109.9 

ri5.2 

-U.5 

15. o 

3.2 

113.9 

74.3 

3776. 3 

15.3 

97PA.3 

20  n  - 

LI 

Jt.*  I1T.9 

•  1.3 

19*1 

-27,5 

1  7  ,  R 

3.2 

116.9 

43.? 

4675.3 

15.1 

1 0675 . 7 

1 

Tt;i  u.r 

Tr.r 

i-99.0 

33. A 

4.0 

A5.4 

T5*.S 

7447. K 

15.7 

1 7997.6 

1 

Non  Anchor  dapth  At  end 
of  drag  m**ju/ed  - 
CAnWfi.n*  ol  iOppA  at 
anchor  crown  •l-15>  mchw. 

NOTE  -  POSTTIVF  SHANK 
•NGLF  iNOICATrS 

SWANK  TT»  iKUmr 


CD 

0) 

<_ 

CD 

CD 

□ 


10.0  -j 

o.o  A 


-10.0  - 
-20.0  - 
-30.0  - 
-10.0  - 
-50.0 


V  - 


-X - X— 


0.0 


5.0 


CO 

Q_ 


150.0-1 
135.0 
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105.0  -i 
90.0 
75.0 
60.0 

15.9  - 

30.9  - 

is-°l 
0.0  1 


o 

x 
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V 


Dl 


-X 


SAN  DIEGO  HARBOR  1500  FT.  SOUTHEAST  OF  BUOY  49 


^tato _ .,60001b,  normal  stabilizers _ 32  deg,  mov.  flukes 

-  19  fine  sand  bottom,  depth  11-12  ft.  mllw _ 


LEGEND 

0“  Crown  Penetration 

Shank  Tip  Penetration 


5.0 

10.0 

15.0 

^0.  0 

25.0 

30.0 

35.0 

40.0 

45.0 

50.0 

$ 

LEGEND 

*-  Transverse  Rotation 
7”  Longitudinal  Rotation 

.  '  V  q. .  -  .  -  9 - 9  -  V  -  * 


■  V  -  -  V- 


5.0 

10.0 

15.0 

20.0 

25.0 

- 1 - *— 

30.0 

35.0 

40.0 

45.0 

50.0 

% 

LEGEND 

0  ~  Chain  Weight  rn 

*  “  Rnchor  Forces' 

7  ~  Deck  P gjVne 


* — 


V 

*  *  \ 


30.0  35. 0  40.0 

Rnchor  Drag  Distance 


STATO 


AnChOU  TfST 


Dolj  «  -  iOj 
Test  No.  -  2 
Test.  Series  No. 


TEST  DATE 
TEST  NO. 

TfST  SEBIFS 
test  ton 
SUBT-CsO  fixes 
SEAFlOOR  T fW 
ANCHOR  T yPf 
ANCHOR  ■flCHT 
FLU«F  AN«tf-TV*»f. 

AU*.  ANCHOR  T»Pf 
AUI.  AnChOB  wflf.HT 
MAlN-AUA  ANCHOR  <;fPARAUON 
OCPBfSSOO'i.HO.-NT.f  AC«-TA?At  *t  . 
MOOPING  L INC  OE SCRIPT  ION 
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2 

IB 

can  DlFftn  hABRoo  ISOO  FT.  SOjTmFast  nr  Ahoy  *B 
1140  -  US4 

rji^f  SAN”  8OTT0N.  OfBTH  |  1  -  l  2  Ff.  NIL* 

STAIO  .A00OI  R.  NOBNAi  STAA!l|?ER*  3?  0F6.  now  .  Fi  u*FS 

ftftOO.flo  |». 

19.00  Ofr.  -  0  n»MOy  l»Fl« 

A. Or  tA. 

0.0  Fr  f  t 

ft  -  ft. ft  -  0.0  l «. 

ANCHOR  Tft  I  «» 0  r  T  ?.SlN.  STllDtlN*  CHAIN  TO  740FT  ?|N  »|Df  «OPF 


.  NOTf  -  INITIAL  <man«  nfPr*  ’FpoFD  to  ofrt»rr  nFasurFO  watfbofptm 


l.  or  AG  ni<TANCF  *.  POTATION  ANr.j  f  B,  OhAIn  i  tnGTh  ON  POTTO*  |  1,  AnChOO  <u)«f  T  |  P  r*f  PTh 

?.  Ofc*  TfNSloN  A.  SHANK  ANGiF  10.  ohaIn  nr  I Gh t  r»N  Botin*  I*.  kATFp  DFpTh 

■».  ANCHOO  TENSION  7.  N I  Of  pOPf  *«fi(  f  |l.  ANCHOR  rPOftN  OFPTm  IS.  TOTAl  ROTTO*  tfFIGHT 

4.  PACKAGE  OFPTh  A.  0E'K  hOP 17.  FOBCF  l 2.  ANCHOO  <HANK  TIP  DEPTH 


1 

? 

3 

4 

K 

ft 

7 

ft 

B 

10 

l  1 

12 

1  7 

14 

15 

FEFT 

KIPS 

K  IPS 

FFFT 

OFF, 

OFG 

Of  ft 

-  IPS 

f  Ff  T 

l»s 

Ff  F  T 

FFFT 

FFFT 

FFFT 

LAs 

0.0 

20.5 

.6 

|4.ft 

0.0 

S.n 

ft.l 

79.  3 

|ft0.B 

*07) .ft 

l*.0 

15.0 

1*.  7 

15.0 

14071 .6 

?.o 

3B.S 

1?.S 

16.5 

0.0 

3.0 

5.6 

IB  .  3 

1*6.6 

71S  1  .B 

14.1 

14. ft 

1ft. 2 

15.0 

133*1.9 

3.9 

39.0 

10. ft 

1 6  •  7 

0.0 

A.S 

5.5 

10.  A 

140.9 

7460.4 

1  3.6 

15.4 

1 0 .2 

15.0 

1 34ft*. 6 

5.0 

05.0 

33.0 

1  4  •  S 

1.0 

12. a 

4.6 

ft4  .  ft 

119. S 

SBB3.S 

12.0 

15.4 

17. B 

15.0 

l 1947.5 

7.T 

TB.O 

45.0 

14. A 

2.5 

11.6 

4.2 

7ft.  ft 

100.1 

S4?0.ft 

13.7 

15.6 

1ft.? 

15.0 

1 14?o.ft 

9.0 

AS  .  0 

50. ft 

>4. B 

3.0 

11.6 

4.2 

04. « 

BB.  1 

*QA | .2 

1  3.4 

15.7 

1ft.  3 

15.0 

1 09*1 .2 

Il.fr 

103.0 

60.  A 

1  4  .  B 

1.0 

11.6 

3.7 

1«?.« 

B0.B 

4SS9 • ft 

1  3.4 

15.7 

10.3 

15.o 

lftSSO.ft 

13.0 

110.0 

7?. 5 

1  *  •  7 

3.0 

13.6 

3.4 

109. ft 

93.4 

46A2. 7 

1  3.0 

15.7 

|0.o 

15.0 

106A9.7 

15.4 

00.0 

33.0 

16.3 

3.0 

21.i 

3.4 

SB. 9 

152.5 

76*0.0 

11.5 

15.* 

17.2 

15.o 

1  364*  .  0 

17.5 

5P. 5 

31.3 

1  6 . 0 

3.0 

21.6 

3.7 

SB.* 

146. B 

7766.7 

1  1  .2 

15.5 

10.9 

15.0 

13300.7 

19.7 

04.0 

35.0 

16.0 

7.0 

19.7 

4.2 

ftl.ft 

1  30.0 

6S 1 B . 2 

n.4 

15.4 

17.0 

15.0 

12510.2 

21.7 

57.0 

20.0 

13. ft 

7.0 

20. n 

4.5 

Sft.A 

i  74.3 

ft  7  3* . 2 

10. B 

15.0 

10.0 

»5.o 

12774.2 

23.7 

55.0 

?0.R 

13.7 

3.0 

19. S 

6.5 

S4.A 

1  37.4 

6*91 . 1 

n.i 

15.1 

16.7 

15.o 

12091.1 

n.i 

51.0 

25.0 

11. ft 

•2.0 

19. S 

6.7 

SO. A 

160.1 

7027. 5 

11.0 

15.0 

10.0 

15.0 

1 1027.5 

27.0 

50.0 

23.0 

13.5 

-12.5 

20.5 

6.7 

49. A 

1*1.0 

7)09.5 

15.0 

13100.5 

W.l 

05.0 

10.0 

13. ft 

-20.0 

19.0 

4.9 

44.  ft 

160.0 

7762.6 

15.0 

13362.0 

DISTANCE  RAPOC  TPAWELLfO  30.0 

distance  anchor  travelled  29.0 

Note  Anchof  cNplh  ai  end 
e*  drag  memo'ed  - 
centerline  0*  *hank  at 
anchor  cn>*"  m*-241  inches 


nOTF  .  POSITIVE  SHANK 
>NM.(  iNOTCATrs 
SHAN*  tlP  in. ON 


«  -  l0l  SON  DIEGO  HRRBOR  1500  FT.  SOU FIBERS  I'  OF  BUOY  4 


f®t  No.  -  2 

1st  S er.es  No.  -  19 


stato  .60001b.  normal  slabLUzeri 

i  _ -  ■  -  -  - .  ■ _ 

f  «.ne  sand  bottom,  depth  11  12  fu.  mil  w 


32  deq.  mov. 


lECEND 

o-  Crown  Penetration 
4-  Shank  Tip  Penetration 


25.0  -f 


lEGEND 

*  =  Transverse  Rotation 
7  “  Longitudinal  l or^. 

-v  -9-  -~Jr 


■9 —  9 — ^ —  -v 


m 


/LEGEND 

0  “  ChglJ!H// Welght^on  Bottom 
M  ■*  Pfncho,~  Forc^p 
Deck  Foj*ce  \  ^ 


*  -»< 


Rnchor  Drag  D l -stance 


i 


Da^  *  -  lOi  Sj 

Test.  No.  -  3 

Test  Series  No.  - 


STATO  ANCHOR  TEST 


TEST  DATE 
TEST  NO. 

TEST  SERIFS 
TEST  AREA 
STAAT-ENO  TIMES 
seafloor  TYPE 
ANCHOR  TYRE 
anchor  height 
EiUHE  ANGLE -TVPF. 

»u« •  ANCHOR  TvPF 
Au*.  ANCHOR  HEIGHT 
MAlN-AiJX  ANCHOR  SEPARATION 

ocrrfssors.no.-ht.each-total  HT. 

NOONING  LINE  DESCRIPTION 


101 

3 

is 

SAN  OIL  Go  HARBOR  1S00  FT.  SOUTHEAST  OF  ROOT  49 
|710  -  1>?0 

FINE  SANO  BOTTOM.  DEPTH  ll-l?-FT#  ML  l  H 

STATO  .60001  B.  NOPNAl  ST  AR IL  l  7E°S  3?  OfG.  MOV.  Fl'WfS 
6000.0f»  l«. 

1?  .00  off,.  _  ft  ft«MOV  |  .EH 
0.0ft  t  R. 

0.0  ffet 

0  -  ft.O  -  0.0  LR. 

ANCHOR  to  JAftFT  ?.S|N.  STunt INK  CHAIN  TO  340FT  7JN  u|RF  OQPF 


NOTE  -  INITIAL  CHAV.  nEPTH  7EROFO  TO  REFlFCt  hFASiiRFO  HATFROEPTH 


0) 

0) 


1,  noAG  OISTANCE  s.  DOTATION  ANGI  F  R.  CHAIN  t fnGTh  ON  RnTTOM  {3.  ANCHOR  F|<rKf  TlD  OF  PTH 

?.  OFCK  TFNSfON  6.  SHANK  ANOl  F  JO.  CHAIN  HfIGhT  ON  QOTTOM  14.  HATER  DFRTm 

3,  ANCHOR  TENSION  T.  HlPF  POPE  AmGl*  II*  ANCHOR  CROHN  OEptm  JS.  TOTAL  ROTTOm  HEIGHT 

4,  RACK AGE  DEPTH  A.  OECK  MORI?.  FOOCE  1?.  ANCHOR  SHANK  TIP  OEPTM 


I 

7 

3 

4 

s 

A 

7 

A 

9 

1  > 

17 

13 

1  4 

15 

FEET 

KIPS 

KIPS 

FEET 

OFG 

OFG 

OEG 

»IP< 

fFET 

1  «s 

FEET 

FEET 

FEFT 

FEET 

L*»S 

0.0 

70. 0 

o.o 

1*.  1 

-5.5 

5.c 

A.  1 

7A.  7 

147. ft 

7170.3 

13.3 

14.4 

t  7.* 

14.5 

1  3 1  >ft  •  3 

M 

3S.0 

s.o 

l*.o 

-5.5 

4.C 

5.7 

34.9 

160.7 

R ft 14. 3 

13.3 

14.3 

17.6 

14.5 

14034.3 

4.1 

44.0 

t*.1 

-4.S 

3,« 

5.7 

43.  A 

143.9 

7718.6 

13.6 

14.3 

17. T 

14.5 

1 371  A. 6 

6.1 

4S.ft 

13.1 

13.6 

-?.s 

17.  R 

S.O 

44.  A 

1 45  •  3 

7?A4.4 

11.9 

14. S 

16.0 

14.5 

1 37*4.4 

A.? 

55.0 

77.5 

13. S 

-?.o 

17. F 

s.o 

S4.A 

l?7.9 

4417.R 

1  1  .« 

14.4 

16.  A 

14.5 

1741 7. A 

9.9 

6R.ft 

37.5 

1*.ft 

-7.0 

17. F 

*.7 

AT,* 

174.7 

* 776. 7 

17.3 

14.9 

17.3 

14.5 

1 >774.7 

1J.G 

100.0 

55.0 

J4.7 

0.0 

1*." 

3.6 

99.  A 

90.3 

49?  7,3 

17.3 

15.7 

1  7.S 

14.5 

1 ft97T. 3 

;i3.s 

lio.o 

I*.l 

.s 

16.  ft 

3.6 

1  ft9.8 

AS.  7 

4799.4 

11.9 

15.7 

17.3 

!*.S 

10799.4 

1§.T 

80.0 

*1.3 

13.* 

R.S 

71. s 

3.5 

79.9 

176.  I 

6377.5 

10. A 

15.7 

16. S 

14.5 

17377.5 

17.7 

9K.0 

75.0 

13.* 

11.8 

71. s 

3.8 

S7.9 

146.  A 

7167.5 

14.5 

1 3367.5 

19. 8 

6«.0 

?R.P 

13.6 

30.0 

?*.* 

*.) 

S9.R 

137.9 

6916.6 

14.5 

17916.6 

?l.l 

45.0 

I*.R 

13.7 

*0.0 

?6.c 

*.l 

44.9 

159.3 

79R9 , ft 

14. < 

1 39A9. ft 

33. B 

4S.0 

17. S 

11.7 

*0.0 

7*.  ft 

*.* 

44.9 

154.6 

7754.0 

14.5 

1 3754.0 

MSTANCC  MMt  TRAVELLED  ?*.o 

OMTanCE  ANCHOR  TRAVfLLfO  73. A 


Note  Ancfxy  deotc  at  e^d 
o*  Oraq  'laasu'ecJ  - 
ceftt«r  r>e  3*  soank  at 

a'-’COOr  CTOWT  -  |-6l  .ncfi« 


NOTF  -  POSITIVE  SHANK 
ANGLE  iNOICATfS 
SHANK  TJR  RTLOH 
CROHN 


CO 

c 

U) 

<X> 

o 


CO 
CL. 
• — ( 
v: 


y  »  -  i o i  bfiN 

St  No.  -  3 

st  Series  No.  -  19 


SAN  DIEGO  HARBOR  1500  FT.  SOUTHEAST  OE  BUOY 


stato _ ,  60001b.  normol  stabilizers _ 32  deg,  m< 

fine  sand  bottom,  depth  11-12  ft.  mllw 


LEGEND 

o-  Crown  Penetration 
a-  Shank  Tip  Penetration 


LEGEND 

*  -  Transverse  Rotation  vr 
9  -  Longitudinal  Roto4»lofr5'" 
j 7- — v--v — v-""9  y 


100.0 


lZgenox 

0 ~  Chain  Weight  ao  Bottom 
*  "  Anchor  force  \ 

9  “  Deck^  orce  \ 

X  .X  ^  \ 


M- 


*  * 


Anchor  Drag  Distance 


i  FT.  SOUTHEAST  OF  BUOY  49 

|k  normal  stabilizers _ 32  deg,  mov.  flukes 

i  depth  11-12  ft.  mllw 


30.3  35.0  10.3 

Anchor  Drag  0  .s  tance 


t 


io: 


Terr  No. 


I  t3-  S  ^ 


Series  No. 


SRN 


20 


UST  OATf 
TEST  NO. 

test  se#tfs 

TEST  Apia 
$TA»t-ENO  Tl“Es 
Sf*rtOno  TrOf 
AnCHO*  Tfpf 
Anchor  XFfGHT 
FlIHTf  ANft|f-TVPF. 

Ag*.  ANCMrtB  TvpF 

Au>«  ANCHOP  WEIGHT 
*AlN-AUI  ANCHOP  sfpapation 
OCPPFSSOPS.NO.-wT.fACH-TOTAt.  NT. 
POOPING  1.  INC  OfSfOtPTIO* 


ANCHOP  TEST 


1 

>0 

c  AN  DIFfio  MAPAoo  1*00  FT.  SOUTNFAAT  OF  A'»OT  *9 
|  *•  0  0  -  |4?1 

rfNf  SAN"  POTTO-.  nfPTM  1|-|?  FT.  Nl  LW 

KTOCkLES'  «SOOOl0»  TanDF*  ShANRTOSHAC«LF  IS  OCG.  FB.  FliPtrs 

SpSOiOO  |H. 

1S.O0  OfG.  -  1  n«NOV  |»FT« 

«000l9  StoCkiFS*  AnChob 
S9SO.0O  1«. 

4S.0  FrFT 

ft  -  0.0  -  0.0  l «. 

ANCHOP  TO  fcSFT  >[N.  STUfN  INK  CHAIN  TO  A"»  ANfHOP  TO  lAflFT 
>.SlN  STMOtJN*  fHAIN  TO  340FT  >fN.  WlPf  OOPf 


<L 

& 

L_. 


•jorf  -  initial  chi n*  o£pth  ffoofo  tp  bfFi  Ff  t  uf  a*ci  jbfo  wATFonfpc 


1.  HOAG  distance  s . 

?.  TFn*c  f  ON  *. 

3.  ANCHOP  TENSION  7. 

4.  PACKAGE  0FPT»*  A, 

POTATION  ANf-t  F  Q 

Shank  ANGi  F  \  ft 

U  JPF  POPf  A»iO(.r  it 
DECK  hop  it.  rnorf  j? 

tha  in 

fHA|N 

ANCHOP 

ANCHOP 

(.cnGTn 
-r l&HT 
rflOKN 
«:hAnk 

ON  AOTTO* 
ON  ROT  TON 
DEPTH 

T|P  DEPTH 

13.  ANCnnO  t)t»r  TIP  DfpTH 

14.  WArFO  OFPTH 

tP.  TOT A(  0OTTON  PEIGNT 

1 

7 

3 

* 

« 

4 

7 

A 

P 

Ifl 

1  1 

I? 

13 

I* 

1« 

FFFT 

K  JOS 

w  JP< 

FFCT 

OFr. 

OFf. 

Off. 

¥  IP's 

pfFT 

(  «S 

FFFT 

Ff  FT 

r FF  t 

FFf  t 

n.o 

\9.n 

0.0 

••••• 

0.0 

-7.  c 

6.? 

»  a.q 

344,0 

•  •••• 

44444 

1  3.o 

>>*A0.3 

?.o 

?*.0 

0.0 

44444 

0.0 

-7.« 

0.? 

?3.A 

>00.? 

9? | S  «  ? 

•  •••• 

44444 

13. A 

?ltis.? 

3.0 

30.0 

?.S 

••••• 

0.0 

-S.A 

7.4 

>9.0 

1  91  .* 

0774.* 

«•••• 

44444 

13.0 

>0070.* 

S-T 

3O.0 

?.S 

*«••« 

0.0 

•4.C 

7.3 

>9.  A 

1«?.* 

*0?6 . * 

•  •••• 

44444 

13. « 

>0  7>a .* 

7.0 

37.0 

1." 

0.0 

n.o 

7.1 

14.7 

177.3 

AA4S.0 

•  •••• 

•  •••• 

44444 

13. A 

1PPNK.0 

<J,  * 

A>.0 

7.S 

4444# 

0.0 

?.  r 

0.* 

*1.7 

1  7S  .  1 

T9S6.4 

•  •••• 

44444 

13. e 

IP0S.4.A. 

1  1  .0 

A!  .0 

7.S 

44444 

0.0 

3.0 

0.N 

*0.7 

I  7S.9 

TOP 7.0 

•  It** 

•  •••• 

44444 

I3.ft 

JPAQ  » .0 

13.1 

S9.S 

10.3 

44444 

0.0 

0.n 

5.* 

S9.? 

1S6.0 

7030. P 

•  •••• 

44444 

1  3. A 

J  API*. 9 

IS. 3 

79. S 

?3.1 

44444 

0.0 

7.7 

S.l 

79.? 

f  ?  7  .  S 

SS  7  j , ? 

••••• 

••••• 

44444 

13.0 

17*71 .? 

17.? 

101.0 

31.3 

••••• 

0.0 

T.S 

*.7 

100.7 

103.* 

*3A?.S 

•  •••• 

44444 

13.0 

1 A?A> . S 

19.0 

lon.o 

33. » 

444*4 

0.0 

7,e 

*.* 

OP.  7 

us.s 

*940.4 

•  •••• 

••••• 

44444 

!3.o 

T A0AA.A 

?l.l 

!?0.O 

*0.0 

O.o 

7. A 

*  .* 

1>7.6 

7?. A 

7*10.3 

•  4444 

44444 

13.o 

1*714.3 

?3.0 

139. S 

*0.0 

••••• 

0.0 

7,n 

*.l 

l  ?9  ,  ? 

«3.A 

337P.4 

»•*•• 

44444 

44444 

l3.o 

l  S  ?  7p  .  4 

?*.* 

13T.fi 

*3.0 

•  •••A 

n.o 

A.< 

3.9 

H4.7 

0?.7 

33?!).? 

•  •••• 

•  •••• 

44444 

13.0 

!S?>o.p 

t T.O  ISS.O  Si. 3  ••••• 

DISTANCE  BAPGG  tbavFlleo 
DISTANCE  ANCHOP  TPAVFiLCO 

0.0 

?0.O 

?7.0 

0.*s 

3.9 

IS*.  6 

so.? 

?09S.9 

••••• 

44444 

44444 

13.o 

I 3PPS.P 

Not*  Anchor  depth  at  end 
o»  drag  measured  - 
cantwime  of  jhanfc  at 
anchor  crown  *  IQ  mcOes 


NOTF  -  POST Tl  V?  SHANK 

•HGir  t no r cates 
srwwr  Tt»  «rtn» 


co 

0.. 


l 


25.3 
20.  3  -j 

J 

-10.  3  H 

-  s.o 
0.0 
5.3 
10.0 
15.0  A 
20.0  -1 


25.3  - 


o  “  Crow 

a  “  Shan 


-e- 


3.3 


5.3 


50.3 


CO 

a; 

o> 

L. 

CD 

OP 

cn 


«3.3  - 
33.0  - 

23.3  - 

13.3  - 
3.3 


-10.3  A 
-20.3  H 
-33. 3  - 
-40.0  4 
-  50.3  - 


-* - *- 


* 

7 


■■K 


Trans 

Longl 


-7  -  -v 


3.3 


5.3 


10 


150.3 

135.3 

120.3 

105.3 

90.3 
7.5. 0 

60.3 

45.3 
30.  3 

15.3 
0.3 


O  •* 

C!  ia  -n 

N 

Rnchoi 

V  =  = 

Deck  1 

-9 — ' 

hn— A  ft) 

•  ■*  • 

0.3 


5.  3 


13 


lCQlND 

s-  Crown  Penetration 
w  -  Shank  Tip  Penetration 


it). 3  '.3  13.3  iS.3  23.3  25.3  33.3  25.3  <0.3  <5.3 


.saar*'*- 


FT,  SOUTfOST  OF  BUOY  49 

Landen.  shankioshack le  35  deg,  Fj 

depth  U___j_2  ft.  tiLLv' 


150.0-] 

135.0  - 

o  - 

120.0  - 

X  - 

105.0  - 

7  - 

90.0- 

CO 

£  75.0- 

^  60.0- 

y 

<5.0  - 

30.0  - 

15.0  - 

0.0  J 

0.0  5.0 


Day  n  ■=  i  0 1 
Test  No.  - 
Test  Series 


SRN  DIEGO  HARBOR  1500  FT.  SOOTHERS!'  OF  E 


No.  j  20 


stockless  , 5QQQlb.  Landem  shankto-shackle  35  i 
fi~ne  sand  bottom.  depth  1  1 ' '  1 2  ft.  mllw 


25.  o 


- 15.3 


-20.0 


-iO.  3 


-50.3  -f" 


150.0 

135.0 

120.0 

105.0 


LEGEND 

Crown  Penetration 
Shank  Tip  Penetration 


LEGEND 

*  -  Transverse  Rotation 
7 “  Longitudinal  Rotation 

a _ -7- - 7 - 7 - 7  -  -7  .. ...  -7  7 


LEGEND  _ 

Chain  We Ight  .^r^oCtoni 
*  “  Anchor  F op%& 

7  -  Dec!^_Foi?6e 


.  _  *-  -  -  —  -K 


Anchor  Drag  D„stanc«j 


rest  oatc 

TEST  MO. 

TEST  SEOIES 
TEST  APE  a 
STAAT-FND  T  1  **f  5 

SC*FlOOP  type 
ANCHDO  TYPE 
ANCHOR  HEIGHT 

fl«ikf  angi  e-type 

All*  •  ANChGq  TYOf 

An*.  ANCHOR  WEIGHT 
MAlN-AllI  ANCHOR  SEPARATION 
PFBPfSSOOS, NO. -WT. EACH-TOTAL  VT. 
MOOR TNG  l I ME  OESC° I°T ION 


STOCKLFSS  AMCHOB  TEST 


«AN  DlFGrt  HARBOD  1500  FT  SOUTHEAST  OF  BiiOY  *9 
9?*  -  040 

E INE  SANn  BOTTOM.  DEPTH  H-l?  FT.  mil* 

STOCKLESA  '<A60i.fl.  TamOFM  CPOWNTOSMaCkL  F  15  DEG.  r».  Ft  i  Ilf  E  A 

5950.00  l«. 

IS. 00  Dfr,.  -  1  PbHOV  I  *F  1 1 
COOPLB  STDrELFSS  AnCHDB 
5950.00  t B. 

4S.0  Feet 

o  -  n.O  -  «.0  L«. 

anchor  to  asft  >|n.  stuoi jnk  chain  to  ami  amehop  to  »«pet 
>.51n  STiiOl  I  me  chain  to  ia  nr  t  ?tn.  k|oe  pope 


l .  0OAG  DISTANCE 
?.  DECK  TENSION 
1.  ANCHOR  TENSION 
A.  PACKAGE  OEPTi- 


s.  POTATION  ANM.F  9.  rHAIN  LENGTH  on  OoTTON  13.  ANChoP  F||I«C  T  |P  OFPTH 

A.  SHANK  ANGt  E  IA.  CHAIN  VE|GMT  ON  POTTO**  |A.  WATfp  OfOTw 

7.  WIPE  POPE  A*’rH.  E  ||.  ANCHOP  rOOWN  OFPTH  IS.  TOT  At  BOTTOM  hFIgmT 

*.  OfCK  HOB|7.  EOPCf  l?.  ANCHOP  SHANK  TIP  OFPT» 


1 

9 

3 

A 

5 

5 

7 

n 

9 

10 

n 

FEET 

KIPS 

K  I  OS 

EFET 

Of  A 

OEG 

Dfr, 

«  IPS 

rEFT 

1  BS 

FEET 

n.o 

?1.0 

1.1 

•  •••• 

-?.o 

-T.n 

7.B 

PO.o 

>11.4 

97BB.1 

*•••• 

?.o 

33.5 

1.B 

••••• 

-?.o 

?.c 

4.  A 

11.  3 

1  9A  .  O 

BQflA, J 

*•••• 

1.4 

5S.ft 

15.0 

•  •••• 

•?  .0 

|A,n 

4.9 

«4.B 

1  74.  A 

7°A0 , A 

A. A 

BA  .  0 

11.3 

-?.n 

|?.n 

1.3 

Bl." 

157.5 

7n?| .3 

7.3 

B9.S 

33.  B 

•  •••• 

-?.o 

l?.n 

3.5 

«9. 3 

|55.  A 

70)0.5 

•  •••• 

9.3 

9S.0 

17.5 

-?.o 

1?.'’ 

3.6 

94.  B 

149.5 

4473.? 

11.3 

109.0 

43. B 

•  *••• 

-?.o 

1?." 

3.4 

InB.B 

139.6 

4173.9 

•  •••• 

11.3 

I?B.O 

5?.S 

-?.o 

13. 3 

3.3 

l?7.B 

121.5 

5?70.1 

15.? 

11?. n 

45.1 

-?.o 

1?." 

3.1 

lit  .B 

*47.7 

45B1 .5 

IT.? 

!?4.0 

53. B 

-?.n 

1  1.0 

?.B 

IP5.B 

145,  T 

44  A3.? 

19.? 

115.0 

95.3 

-?.o 

14. n 

?.9 

115. B 

131.3 

5757.7 

21.2 

I3T.0 

5?. 5 

-?.o 

14,0 

?  ,9 

136,  B 

130.2 

5707 . 1 

?3.? 

1?4.0 

45.0 

-?.o 

14.5 

3.0 

1  Pl.B 

139.1 

5JAB.4 

?5.? 

139. S 

46.3 

-?.o 

15.0 

3.0 

139.3 

1  ??.  9 

5337.4 

?T  •  ? 

11A.0 

45.0 

-?.o 

11.0 

3.0 

1?9.B 

1  3?.B 

5B3A.4 

?9.? 

l?n.O 

4?  .  S 

-?.o 

11.0 

3.0 

1  19. A 

*43.? 

415B.P 

distance  BADGE  tdavEilCO 
OISTamCF  ANCHOP  TPAVELLEO 


Note  Anchor  depth  at  end 
of  drag  measured  - 
centerline  of  shank  at 
anchor  crown  -  25  inch 
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106  SflN  DIEGO  HRRBOR  AT  BUOY  21  _ _ 

1  staio  ,  30001b.  18  Ln.  stablllzerext.  31.5  deg. mov.  f  Lujj 

rles  No.  24  l~3  mud  over  dense  sand  depth  35~38  ft.  mLlw _ __ 
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o-  Crown  Penetration 
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SAN  DIEGO  HARBOR  FIT  BUOY  21 


stato _ , 3QQQLb.  18  Ln.  stablllzere:xt .  31.  S  deq.mov, 

1~3  ft.  mud  over  d&nse  s and  depth  35~38  ft.  mllw 


LEGEND 

o-  Crown  Penetration 
a-  Shank  Tip  Penetration 
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SlAAI-tfcO  TIKS 
SI  AM. GOA  TYPE 

anchor  me 

ANCHOR  WEIGHT 
flUAI  ANCL E-  I YPE  « 

AIR.  ANCHOR  TYPE 
AUR.  AMCHOA  WEIGHT 
AAIM-AUI  AMCHOA  SCPAAATION 
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A.  PACKAGE  01  PTH 
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STOCKLESS  ANCHOR  TESI 


? 

c 

INC  I  AN  ISLANO  MASHINCTQN 

I2!S  -  1110 

SIL1 

STOCKLISS  9000LIS.N. STARS.  48  OEC  F *  FLUKES 
11170  Li. 

48.00  OEC.  -  0  0*M0V  l-FII 

0.00  LB. 

C.O  FEET 
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ANCHOR  CROKN  DERTH 
ANCHOR  SHANK  T|R  OfRTH 


400  FT.  1  S/8  IN. 


TIR  DERTH 


1).  ANCHOR  FLUKE 
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22.1 

.4 

44444 

2.3 

-14.0 

13.8 

21.5 

465.7 

20882.0 

44444 

44444 

44444 

1C. 4 

22.3 

.4 

2.3 

-14.1 

13.7 

21.6 

465.6 

20874.2 

#•444 

44444 

44444 

11.9 

24.4 

.4 

*4444 

2.4 

-14.0 

13.1 

23.8 

460.8 

20637.0 

44444 

44444 

44444 

14.2 

25.3 

.4 

***** 

2.4 

-14.1 

13.0 

24.7 

456.8 

20433.6 

44444 

44444 

44444 

15.6 

27.5 

.4 

***** 

2.4 

-14.2 

12.4 

26.8 

453.3 

20259.7 

4  44  44 

44444 

44444 

17.7 

29.6 

.4 

••*«« 

2.0 

-14.2 

12.2 

28.9 

446.2 

19904.6 

44444 

44444 

19.6 

29.5 

.4 

«••«« 

2.0 

-14.2 

12.1 

28.8 

447.4 

19962.6 

•  4444 

44444 

44444 

21.4 

34.1 

.4 

44444 

2.0 

-13.9 

11.5 

33.5 

435.2 

19351.1 

44444 

44444 

23.6 

37.6 

.8 

44444 

2.2 

-9.4 

11.3 

36.9 

423.4 

18761.0 

44444 

44444 

44444 

25.2 

37.8 

.8 

***** 

2.2 

-8.6 

11.1 

37.1 

425.5 

18464.2 

44444 

44444 

44444 

27.3 

40.1 

.6 

***** 

2.2 

-8.2 

11.0 

39.3 

418.7 

18521.9 

•  4444 

44444 

44444 

29.3 

40.8 

.6 

44444 

2.3 

-8.3 

1C. 9 

40.1 

416.8 

16429.4 

•  4444 

44444 

44444 

31.0 

40.3 

.6 

•  4446 

2.1 

-8.4 

10.8 

39.6 

420.2 

18600.1 

44444 

44444 

44444 

32.8 

42.6 

.8 

44444 

2.3 

-8.6 

10.5 

41.9 

415.9 

18381.8 

•  4444 

44444 

44444 

34.9 

44.4 

1.0 

44444 

2.3 

-8.6 

10.4 

43.6 

410.4 

161C6.S 

44444 

•  4444 

44444 

37.2 

50.2 

1.2 

44444 

3.1 

-8.5 

10.3 

49.4 

391.0 

17135.0 

44444 

44444 

32.* 

52.7 

1.4 

44444 

3.8 

-8.3 

9.9 

52.0 

390.  6 

17112.7 

44444 

44444 

4C.1 

52.8 

1.6 

44444 

1.0 

-8.3 

9.7 

52.0 

393.2 

17245.5 

44444 

44444 

44444 

42.4 

53.7 

1.6 

44444 

1.0 

-8.3 

9.7 

52.9 

390.2 

17096.0 

44444 

44444 

44444 

44.4 

57.1 

2.2 

44444 

.8 

-6.8 

5.6 

56.3 

380.7 

16617.7 

44444 

44444 

44444 

46.5 

61.9 

3.2 

44444 

.2 

-6.1 

5.5 

61.1 

368.0 

15979.8 

44444 

44444 

44444 

47.3 

62.7 

3.6 

44444 

-.4 

-6.1 

9.0 

61.9 

375.7 

16367.3 

44444 

44444 

44444 

50.1 

67.4 

5.0 

44444 

-.5 

-6.1 

9.1 

66.6 

359.2 

15537.7 

44444 

44444 

4444  4 

51.8 

69.2 

6.2 

44444 

-.5 

-6.1 

8.9 

68.3 

357.7 

15466.6 

44444 

44444 

4444  4 

53.9 

70.8 

8.0 

44444 

-.5 

-6.1 

8.9 

70.0 

353.4 

15249.9 

44444 

44444 

44444 

55.8 

75.4 

10.4 

44444 

.4 

-6.1 

8.7 

74.5 

342.7 

14710.8 

44444 

44444 

44444 

57.6 

74.4 

10.0 

44444 

.8 

-6.1 

8.6 

73.6 

348.4 

14997.9 

44444 

44444 

44444 

59.3 

79.4 

13.0 

44444 

1.2 

-6.1 

8.3 

78.5 

341.6 

14655.4 

44444 

44444 

44444 

81.4 

79.4 

13.2 

4444# 

1.2 

-6.1 

8.4 

78.5 

339.4 

14548.6 

44444 

44444 

83*5 

79.8 

14.2 

44444 

2.0 

8.4 

79.0 

337.6 

14453.7 

44444 

44444 

44444 

65.4 

•3.7 

16.4 

44444 

2.7 

8.3 

•2.8 

330.3 

14090.5 

44444 

44444 

17.6 

•3.7 

16.4 

44644 

2.7 

1.3 

•2.8 

330.3 

14090.5 

44444 

44444 

4444  4 

89.1 

•  1.8 

15.4 

44644 

3.2 

-6.6 

8.2 

80.9 

339.2 

14536.9 

44444 

44444 

4444  4 

71.2 

•  4.6 

17.4 

44644 

3.9 

—6 .6 

8.1 

•  3.7 

331.8 

14165.5 

44444 

44444 

73.5 

80.4 

15.4 

44444 

4.5 

-6.5 

8.4 

79.5 

336.5 

14402.4 

44444 

44444 

75.5 

85.0 

17.4 

46444 

4.7 

—6.5 

8.4 

84.1 

324.5 

13797.4 

44444 

44444 

4444  4 

77.2 

•5.7 

18.2 

46644 

5.* 

8.1 

•  4.9 

328.5 

14001.1 

44444 

44444 

79.0 

•  5.2 

17.6 

44646 

4.3 

8.0 

•4.) 

333.4 

14245.3 

44444 

44444 

44444 

80.8 

<5.8 

19.8 

46644 

7.4 

—6.6 

7.9 

•4.8 

336.6 

14405.9 

44444 

44444 

44444 

R3.I 

89.7 

21.0 

44644 

8.1 

-4.5 

8.0 

88.8 

321.0 

13623.3 

44444 

44444 

44444 

•  4.8 

88.  8 

21.2 

64644 

8.4 

7.9 

88.0 

328.7 

14007.5 

44444 

44444 

44444 

•7.2 

89.8 

21.4 

44644 

9.0 

-8.6 

8.1 

88.7 

120.0 

13575.3 

44464 

44444 

44444 

•9.2 

89.8 

22.0 

66646 

9.4 

8.1 

•9.0 

319.7 

13559.9 

44444 

44444 

44444 

OISTAMC  RANGE  TRAVELLED 
DISTANCE  ANCHOR  TIAVCUfO 


NOTE  -  POSITIVE  SHANK 
ANCLE  (NOICATCS 
SHANK  TIP  II LOW 
CROHN 


Day  *t  -  174  I  ND  I 

Test  No,  -  12 
Test  Series  No.  -  0 

-25.0  . .  . 

-20.0  - 

-15.0  -  o  -  Cro 

-10.0  -  A  “  ^ha: 

*3  -5-°- 

$  O.Oil - B - B - ® - • 

5.0  - 
10.0  - 


14 

15 

15.0 

FEET 

L8S 

91.7 

32483.5 

20.0 

91.7 

32934.3 

91.7 

33151.3 

91.7 

33150.8 

25.0 

91.7 

32782.0 

91.7 

32774.2 

91.7 

32537.0 

91.7 

32333.6 

91.7 

32159.7 

91.  7 
91.7 

31804.6 

31862.6 

50.0 

91.7 

31251.1 

91.7 

91.7 

30661.0 

10764.2 

40.0 

91.7 

3(6421.9 

91.7 

91.7 

30329.4 

30500.1 

30.0 

91.7 

30281.8 

91.7 

30C06.5 

20.0 

91.7 

29035.0 

91.7 

29012.7 

w 

Q) 

91.7 

91.7 

29145.5 

28996.0 

10.0 

91.7 

28517.7 

a) 

91.7 

27879.8 

0.0 

91.7 

28267.3 

L. 

91.7 

27437.7 

CO 

91.7 

91.7 

27366.6 

27149.9 

a> 

-10.0 

91.7 

26610.8 

a 

91.7 

26897.9 

-20.0 

91.7 

26555.4 

91.7 

26448.6 

-30.0 

91.7 

26353.7 

-40.0 

91.7 

25190.5 

91.7 

25990.5 

91.7 

91.7 

26436.9 

26065.5 

-50.0 

91.7 

26302.4 

91.7 

25697.4 

91.7 

25901.1 

91.7 

26145.3 

91.7 

11.7 

26305.9 

25523.3 

100.0 

91.7 

25907.5 

91.7 

25475.3 

90.0 

91.7 

25451.9 

o  -  Ch 
*  -  Am 
v  -  Dei 


o.o 


5.0 


INDIAN  ISLAND  WASHINGTON 


.  -  o 


stockless  .50001b.  land  crown~shackle, siob<j48  deg  fx  flukes 
silt  - - 


LEGEND 

o-  Crown  Penetration 
a-  Shank  Tip  Penetration 


LEGEND 

*  -  Transverse  Rotation 
? -  Longitudinal  Rotation 


— v - o- — v  — 9- --9- —  v--v — v — v — v- 


- 9 - 9 - V - 9 - 9 - V--V---9- - 


L---9--9 - *?•- 


LEGEND 
Chain  Weight  on  Bottom 
Anchor  Force 
Deck  Force 


30.0  35. 0  <0.0 

Anchor  Drag  Distance 


2- 


HIT  OAK 
KST  HO. 

mi  own 
mi  mm 
siart-cno  nuts 

SEAFLOOR  me 
ANCHOR  HOC 
anchor  HEIGHT 
FLUKf 

All*.  ANCHOR  mi 
AU».  ANCMON  HEIGHT 
■A1N-AUA  ANCMQI  tll»H  41 lfl> 
DCPRESSORS«NO.-HT. EACH-TOTAL  NT. 
POOR  INC  LUC  DESCRIPTION 


STOCKLESS  ANCHOR  1CSI 


INDIAN  1SLAN0  NASH INCTQM 

12M  -  1126 

SILT 

STOCKLESS  9000LRS.  NITH  STARS*  NOVARLE  FLUKES  6R  DEC. 
*9*0.00  LR. 

At. CO  DEC.  -  0  O-HOV  1-FIX 

0.00  LR. 

C.O  FEET 

0  -  0.0  -  C.O  LR. 

II*  FT.  2  IN.  CHAIN, 160  FT.  2.*  IN.  CHAIN, *00  FT.  1  S/A  IN. 
I  MAC  ROFE,  146  FT.  ♦  2  U.  IHRC  ROPE 


1.  ORAC 

01STANCE  *. 

ROTATION  ANCLE 

9. 

Chain 

LCNCTH 

ON  ROTTOR 

13.  ANCHOR  FLUKE 

TIP  OEPTH 

2.  OECK 

TENSION  6. 

SHANK 

ANCLE 

10. 

Chain 

HEIGHT 

ON  AOTTON 

14.  HATER  DEPTH 

1.  ANCHOR  TENSION  T. 

6IRI  ROPE  ANCLE 

11. 

anchor 

CROHN 

DEPTH 

19.  TOTAL  ROTTOM 

HEIGHT 

4.  PACK ACE  DEPTH  R. 

OECK 

OR |2.  FORCE  12. 

ANCHOR 

SHANK 

TIP  OEPTH 

1 

2 

3  4 

* 

6 

7 

• 

9 

10 

11 

12 

13 

14 

19 

FACT 

RIPS 

RIPS  FEET 

OEC 

OEC 

DEC 

KIPS 

FEET 

LAS 

FEET 

FEET 

FEET 

FEET 

LAS 

o.e 

20.2 

•6.9 

-*.» 

-4.9 

14.1 

19.6 

473.0 

21241.4 

AT. 2 

•  6.6 

90.9 

•6.9 

2714  6 

2.0 

26.0 

•  ?.* 

-7.9 

12.6 

29.4 

497.7 

20479.7 

RR.O 

•  7.1 

91.0 

•6.9 

26429 

3.4 

2R.4 

•  A. 4 

-10.0 

-9.0 

11.9 

27. • 

494.1 

20300.1 

•R.9 

•  7.9 

9|«9 

R6.9 

26290 

*.* 

30.6 

RR.6 

-10.4 

-9.1 

11.7 

29.9 

447.4 

19964. R 

•9.1 

•A.I 

92.  1 

•6.9 

29914 

1.1 

2R.4 

R9.1 

-10.4 

—  11.0 

1  l.R 

27.R 

494.6 

20324.4 

•9.7 

•R.9 

92.6 

•6.9 

262  74 

9.1 

29.2 

R9.2 

-10.4 

—  11.0 

11. • 

2R.6 

492.0 

20192.1 

R9.  • 

RR.6 

92.7 

•6.9 

26142 

11.0 

29.1 

R9.5 

-10.4 

-11.4 

11.6 

2R.9 

494.4 

20311.2 

90.2 

•R.9 

93.0 

•6.9 

26261 

11.2 

30.7 

•  9.1 

-10.4 

-12.2 

11.9 

30.1 

44R.6 

20023.1 

90.9 

•9.1 

93.3 

•  6.9 

29973 

14.9 

30.1 

•9.9 

-11. 0 

11.4 

29.9 

492.3 

20207.4 

90.6 

•9.2 

93.4 

•6.9 

26197 

14.6 

32.4 

90.3 

-12.1 

11.0 

31.0 

447.4 

19964.1 

91.1 

•9.9 

93.  7 

•6.9 

29914 

19.0 

33.3 

90.4 

-12.9 

11. 1 

32.7 

442. • 

19731.3 

91.2 

•9.6 

93.  • 

•6.9 

29ERI 

20.* 

34.0 

90.7 

-13.7 

10. • 

33.4 

444.0 

19794.4 

91.9 

•9.9 

94.1 

•6.9 

29744 

22.6 

35.2 

90.7 

-14.1 

10.7 

34.6 

440.1 

19*94.0 

91.9 

R9.9 

94.1 

•6.9 

29944 

24.  S 

34.6 

91.0 

-14.3 

10.7 

34.0 

442.9 

19716.1 

91. « 

90.2 

94.4 

•6.9 

29666 

2R.6 

39.0 

91.3 

-1*.0 

10.4 

3R.4 

430.3 

19104. • 

92.1 

9C.4 

94.7 

•6.9 

29094 

10.1 

3R.7 

91.* 

-IS.0 

-19.2 

10.3 

3*.  1 

431.4 

19299.3 

92.3 

90.7 

94.9 

•6.9 

29204 

12.* 

39.9 

91.* 

—  1*.  4 

10.3 

39.2 

429.1 

19042.3 

92.3 

90.7 

94.9 

•6.9 

24992 

34.2 

3R.9 

91.7 

-15.R 

10.2 

3R.3 

433.9 

19207.4 

92.9 

90.9 

99.1 

•6.9 

29237 

34.9 

40. • 

91.6 

-16.0 

10.2 

40.1 

426.9 

10934,9 

92.4 

90.R 

99.0 

•6.9 

24*04 

Day  #  -  1\  I  NP 
Test  No.  -  13  " 

Test  Series  No.  -  0 

-25.0  -| - — 

-20.0  - 

-15. 0  -  o  -  Cr 

-10.0  -  A  “ 

P  -5.0- 

®  n  o  » — . . 

-  5.0  - 

10.0  - 
15.0  - 
20.0  - 

25. 0 - 1 - 


I(1UKI  •••«  TRAVELLED 
OISID.Ct  ANCHOR  TRAVELLED 


EOJITIVE  SHANA 
ANCLE  INOI CATER 
THANK  I |V  DELON 
CROHN 


V) 

a?  10.0 
ffi 

C_  0  0 

CD 

a)  -10.0 

a 

-20.0 

-30.0 

-*o.o 

-50.0 


100.0 


O-  CF 
X  -  Fir 
V  -  Di 


Degrees  F 


Day  *»  -  74  _ _ 

I  Test  No.  -  13 

!:  Test  Series  No.  “  0 


TNDIRN  ISLRND  WRSHTNrSTRN 


stockless  5000lbs.  with  stabs,  movable  flukes  48  j 
silt 


0.0 


so.o 

40.0 


20.0 

10.0 

0.0 


-so.o 


LEGEND 


o  -  Crown  Penetration 
a  -  Shank  Tip  Penetration 


-Q-- ft - 6 


s.o 


10.0 


1S.0 


20.0 


2S.0 


30.0 


35.0 


40.0 


- 

LEGEND 

x  -  Transverse  Rotation 
^  -  Longitudinal  Rotation 

■D 

1 

jl — *. 

* - W - - * - w 

- 

y  — ¥  -  -y  ■  ■  & 

- * - * - R - S - £ 

J 

0.0 

1  i  i  i  i  i 

S.O  10.0  15.0  20.0  25.0 

30.0  35.0 

40.0  j 

J6T0N  _ 

lbs,  with  stabs,  movable  flukes  38  deg. 


"I" . T* "  '■■■■'.  p  ■—  ,  ,  I 

25. 0  30.0  35.0  40.0  45.0  50.0 

_ _ $  _ — 


-T“ 

55.0 


* - » - * - 9 - 9 


Anchor  Drag  Distance 


163 


Day  #  -  174 
Test  No.  -  14 
Test  Series  No. 


1 NDI 


mi  oate 
mi  no. 
mi  run 

11SI  All A 
ilMI-IM  TI4H 
SUKOQI  Iff  I 
ANCHOR  TTPE 
ANCPOR  HEIGHT 
FLUKE  ANCLE-TYPE. 

AUK.  ANCHOR  ITH 
ALK.  ANCHOR  KllCHT 
PA IN-AUX  ANCHOR  SIR ARAT ION 
CiFREiSCRS.NO. -NT .EACH-TOTAL  NT. 
FOORINC  LINE  DESCRIPT  ION 


STOCKLESS  ANCH  TEST 


174 

14 

C 

INC  I  AN  ISLANQ  HASHINCTON 

13  IS  -  mo 

SILT 

STCCKLESS  SOOOLRS.  M I TH  STARS*  NOVARLE  FLUKES  4R  DEC. 
5930.00  LR. 

4R.00  DEC.  -  0  C-KOV  1-FIK 

0.00  LR. 

0.0  FEET 

0  •  0.0  -  0.0  LR. 

m  FT.  2  IN.  CHAIN. 360  FT.  2.5  IN.  CHAIN. 4C0  FT.  1  S 
IHRC  ROPE.  346  FT.  •  2  IN.  IhRC  «OPI 


1.  ORAC  OISTANCE 

2.  OECK  TENSION 

3.  ANCHOR  TENSION 

4.  PACK  ACE  DEPTH 

2  3  4 

KIPS  KIPS  FEl 

22.0  •••••  88 

22.6  •••*•  19 

29.1  ♦••••  89, 

29.1  ••••4  90. 

30.6  ••••4  90, 

31.3  • 4444  91, 

34.2  46#46  91, 

36.2  *4444  92, 

IT. 2  44444  92, 

39.2  44444  92. 

3R.3  46666  92. 

40.1  64646  92. 

39.4  44664  92, 

41.1  93. 

♦1.9  66666  93. 

41.3  66666  93. 

42.6  44466  93. 

42.2  46666  93. 

42.1  44666  43. 

42. •  44464  93. 

43.9  44646  93. 

43.2  66666  93. 

44.9  66666  93. 


OISTANCE  OARCE  TRAVELLEO 
DISTANCE  ANCHOR  TRAVELLED 


ROTATION  ANCLE  9.  CHAIN  LiNCTH  ON  ROITOfl 
SHANK  ANCLE  10.  CHAIN  HEIGHT  ON  ROTTON 

HIRE  ROPE  ANCLE  11.  ANCHOR  CRONN  OEPTM 
OECK  H0RI2.  FORCE  12.  ANCHOR  SHANK  TIP  OCPTH 


13.  ANCHOR  FLUKE  TIP  DEPTH 

14.  MATER  OEPTH 

15.  TOTAL  ICTTON  HEIGHT 


6 

7 

R 

9 

1C 

11 

12 

11 

14 

13 

CEC 

OEC 

KIPS 

FEET 

LRS 

FEET 

FEET 

FEET 

FEET 

LRS 

-3.9 

22.2 

467.0 

20944.7 

89.2 

RR.  7 

92.  S 

•  8.9 

26R94.7 

-3.9 

22.0 

46R.0 

20996.6 

89.6 

81.9 

92.7 

•  8.9 

26946.6 

-3.9 

12.7 

24. 5 

460.7 

20621.7 

89.6 

89.1 

92.9 

R8.9 

26S7R.7 

-6.6 

11.9 

2R.S 

4S1.0 

20141.0 

90.6 

89.8 

93.8 

88.9 

26091.0 

-9.3 

11.  s 

30.0 

44R.R 

200  32. S 

91.4 

90.3 

94.4 

88.9 

2S9R2.S 

10.9 

10.7 

446.1 

1999R.6 

92.1 

90.9 

9S.0 

88.9 

23448.6 

11.4 

11.2 

33. S 

437.  R 

19411.6 

92.3 

90.9 

95.  1 

88.9 

23433.6 

12. R 

10.9 

3S.6 

414.7 

19323.4 

92.7 

91.1 

95.5 

88.9 

23273.4 

13.  R 

36.  S 

434. R 

19329.1 

91.0 

91.4 

95.  7 

88. 9 

25279.1 

13.  R 

1C. 6 

3R.S 

426.7 

IR924.2 

91.1 

91.  S 

95.8 

88.9 

24874.2 

14.4 

37.6 

430.2 

19100.3 

91. S 

91.9 

96.2 

88.9 

23C50.3 

14.4 

10.4 

39.  S 

423.6 

IR76R.4 

91. S 

91.9 

96.2 

•  8.9 

24718.4 

14.5 

3R.R 

429.7 

19076.9 

93.  7 

92.1 

96.4 

88.9 

25026.9 

14. S 

10.2 

40.4 

42S.2 

1RR49.6 

91.8 

92.2 

96. S 

RB.9 

24799.6 

14.4 

41.2 

421.2 

1R649.R 

94.0 

92.4 

96.  7 

88.9 

24399. R 

14.4 

10.1 

40.7 

426.2 

1RA9V.3 

94.0 

92.4 

96.  7 

88.9 

24849.1 

14. S 

10.2 

42.0 

419.7 

18572.3 

94  •  0 

92.4 

96.  7 

88. 9 

24322.3 

15.2 

41.6 

423.0 

1R  74 1.  3 

94.6 

92.6 

96.9 

6R.9 

24691.3 

IS. 2 

42.0 

420.1 

1R596.S 

94.4 

92.6 

96.9 

88. 9 

24344.3 

IS. 2 

42.1 

421.3 

1863  4.2 

94.7 

92.9 

97.2 

88.9 

24604.2 

IS. 2 

10.2 

43.2 

416.0 

18386.1 

94.6 

92.8 

97.1 

RR  .9 

24136.1 

IS. 2 

10.1 

42. S 

420.4 

18606. S 

94.7 

92.9 

97.2 

RR.9 

24536.5 

15.2 

44.2 

413.9 

18282.9 

94.8 

93.0 

97.3 

8R.9 

24232.9 

POSITIVE  SHANK 
ANCLE  INDICATES 
SHANK  TIP  RELOM 
CROHN 


-id. a 


*  "  Trai 
“  Lorvi 


%  10. 0 

Q) 

L  0.0 

CD 

a>  -10.0 

□ 

-20.0 
-30.0 ■ 
-43.0 
-50.0 ■ 


100.0 


LEGEND 


o-  Crown  Penetration 
a-  Shank  Tip  Penetration 


*-  Transverse  Rotation 
? “  Longitudinal  Rotation 


% 


-50.0  35.0  ^0.0  45.0  50.0  55.0  60.0  65.0  70.0 


Anchor  Drag  Distance 


165 


Day  *  -  176 
Test  No.  -  21 
Test  Series  No. 


IND 


till  OAK 
till  MO. 
till  MU* 

HIT  MU 
SIAM T-ENO  TIDfS 

seafloor  me 

ANCHOR  mi 
ANCHOR  kf|(M 
FLUKE  AKCLE-TTPE, 

Ml.  AMCMOM  ITH 
Ail.  AMCM1M  HEIGHT 
MIH-1U)  ANCHOR  SEPARATION 
DEPRESSORS *NQ. -NT. EACH-TOTAL  hT. 
MOOMINC  UNI  DESCRIPTION 


1.  Ot AC  01SIAMCE  5. 

2.  DECK  TENSION  A. 

3.  ANCHOR  TENSION  7. 

A.  PACKAGE  DEPTH  «. 


ROTATION  , 
SHANK  ANCI 
HIRE  ROPE 
DECK  MORI 


STOCKLESS  ANCHOR  TEST 


17« 

21 

0 

1MCIAN  ISLANO  NASH  1  NOT ON 
•30  -  000 

SKI 

STOCKLESS  •  9000LBS.,  NO  S1A0S.,  4|  DEC.  MOVABLE  FLUKES 
10500  LO. 

A*. 00  OEC.  -  0  0" HOI  1-FIX 

0.00  Lt. 

C.O  FEET 

0  -  0.0  -  0.0  Lt. 

139  FT.  2  IN.  C HA  IN. 360  FT.  2.9  IN.  CHAIN, AOO  FT.  1  5/1  IN. 
1MRC  ROPE.  3A6  FT.  ♦  2  IN.  IHRC  ROPE 


NGLE  0.  CHAIN  LENGTH  ON  tOIION  13.  ANCHOR  FLUKE  TIP  OEPTH 

E  10.  CHAIN  HEIGHT  ON  IOITON  1A.  HATER  DEPTH 

ANCLE  il.  ANCHOR  CRONN  OEPTH  19.  TOTAL  BOTTOM  HEIGHT 

.  FORCE  12.  ANCHOR  SHANK  TIP  OEPTH 


1 

2 

3 

4 

9 

6 

7 

S 

9 

10 

11 

12 

13 

14 

19 

FEET 

KIPS 

KIPS 

FEET 

OEC 

OEC 

OEC 

KIPS 

FEET 

LBS 

FEET 

FEET 

FEET 

FEET 

LOS 

0.0 

24.9 

•  •••A 

AAAAA 

AAAAA 

14.  r 

24.0 

443.9 

19707.9 

AAAAA 

AAAAA 

09.9 

20857.5 

2.0 

27.0 

44444 

AAAAA 

AAAAA 

26.1 

433.6 

19271.6 

AAAAA 

AAAAA 

AAAAA 

•9.9 

20341.6 

3.3 

2B.9 

•  •••A 

AAAAA 

AAAAA 

AAAAA 

14.2 

26.0 

429.9 

19066.0 

AAAAA 

09.9 

20136.0 

9.0 

30.1 

AAA  AA 

AAAAA 

AAAAA 

13.9 

29.2 

426.3 

1 0904.4 

AAAAA 

AAAAA 

09.9 

19974.4 

6.9 

32.7 

AAAAA 

AAAAA 

AAAAA 

13.6 

31.8 

417.9 

18482.9 

AAAAA 

AAAAA 

09.9 

19992.9 

1.4 

32.  t 

AAA  AA 

AAAAA 

AAAAA 

13.6 

31.9 

417.6 

18469.8 

AAAAA 

AAAAA 

AAAAA 

09.9 

19939.R 

11.0 

3A.7 

AAA  AA 

AAAAA 

AAAAA 

13.4 

33.  R 

410.3 

18104.4 

AAAAA 

AAAAA 

AAAAA 

09.9 

19174.4 

12.6 

3A.A 

AAAAA 

AAAAA 

13.2 

33.9 

413.6 

18267.6 

AAAAA 

AAAAA 

•9.9 

19337.6 

1A.9 

36.7 

AAA  AA 

AAAAA 

AAAAA 

AAAAA 

13.2 

39.  R 

404.0 

17784.9 

AAAAA 

AAAAA 

AAAAA 

•9.9 

10094.9 

16.6 

36.7 

AAA  AA 

AAAAA 

AAAAA 

AAAAA 

13.0 

39. R 

409.6 

17869.7 

AAAAA 

AAAAA 

AAAAA 

09.9 

10439.7 

It. 6 

3B.7 

AAAAA 

AAAAA 

AAAAA 

AAAAA 

12.9 

37.7 

39R.6 

17917.7 

AAAAA 

AAAAA 

09.9 

10907.7 

20.9 

39.9 

AAAAA 

AAAAA 

AAAAA 

12.t 

3R.9 

396.  B 

17426.7 

AAAAA 

AAAAA 

AAAAA 

09.9 

10496. 7 

22  .A 

A0.3 

AAAAA 

AAAAA 

AAAAA 

AAAAA 

12.7 

39.3 

394.4 

17304.9 

AAAAA 

AAAAA 

AAAAA 

•9.9 

1*374.9 

2A.2 

A1.6 

AAAAA 

AAAAA 

AAAAA 

12.9 

40.6 

391.9 

17190.6 

AAAAA 

AAAAA 

AAAAA 

•9.9 

18228.6 

26.1 

41.7 

AAAAA 

AAAAA 

AAAAA 

AAAAA 

12.4 

40.7 

391.9 

17176.0 

AAAAA 

AAAAA 

AAAAA 

•9.9 

18246.0 

2B.0 

43. • 

AAAAA 

AAAAA 

AAAAA 

AAAAA 

12.2 

42.R 

3R9.6 

16069.3 

AAAAA 

AAAAA 

AAAAA 

•9.9 

17439.3 

30.0 

49.7 

AAAAA 

AAAAA 

AAAAA 

AAAAA 

12.1 

44.6 

379.6 

16964.9 

AAAAA 

AAAAA 

AAAAA 

•9.9 

17E34.9 

31.9 

46.1 

AAAAA 

AAAAA 

AAAAA 

AAAAA 

12.1 

49.1 

370.9 

16927.3 

AAAAA 

AAAAA 

AAAAA 

•9.9 

17997.3 

33.9 

46.7 

AAAAA 

AAAAA 

AAAAA 

AAAAA 

12.0 

49.7 

376.9 

16409.8 

AAAAA 

AAAAA 

AAAAA 

•9.9 

17479.0 

36.1 

4R.0 

AAAAA 

AAAAA 

AAAAA 

AAAAA 

12.0 

47.0 

371.2 

16142.0 

AAAAA 

AAAAA 

AAAAA 

•9.9 

17212.0 

37. t 

47.9 

AAAAA 

AAAAA 

AAAAA 

AAAAA 

11.9 

46.9 

371.1 

16239.4 

AAAAA 

AAAAA 

AAAAA 

•9.9 

17307.4 

39.9 

49.0 

AAAAA 

AAAAA 

AAAAA 

11.9 

47.9 

369.2 

16039.0 

AAAAA 

AAAAA 

AAAAA 

•9.9 

17109.0 

61.9 

40.1 

AAAAA 

AAAAA 

AAAAA 

AAAAA 

11. • 

47.0 

379.2 

16339.9 

AAAAA 

AAAAA 

AAAAA 

•9.9 

17409.9 

61.t 

49.6 

AAAAA 

AAAAA 

AAAAA 

AAAAA 

11. • 

4R.6 

367. B 

19970.9 

AAAAA 

AAAAA 

AAAAA 

•9.9 

17040.9 

-49. A 

4B.R 

AAAAA 

AAAAA 

AAAAA 

AAAAA 

11.7 

47. • 

373.1 

16267.2 

AAAAA 

AAAAA 

AAAAA 

•9.9 

17317.2 

DISTANCE  BARGE  TRAVELLED 
DISTANCE  ANCHOR  TRAVELLED 


POSITIVE  SHANK 
ANGLE  INDICATES 
SHANK  TIP  BELOH 
CROHN 


“25. 0 
-20.0 
-15.0 
-10.0 
-5.0 
0.0 
5.0 
10.0 
15.0 
20.0 
25.0 

50.0 

40.0 

30.0 

20.0 

10.0 

0.0 

-10.0 

-20.0 

-30.0 

-40.0 

-50.0 

100.0 

90.0 

80.0 

70.0 

60.0 

50.0 

40.0 

30.0 

20.0 

10.0 

0.0- 


o  -  Cr< 
A  -  Sh( 


1 

°-  chj 

X-  Fin 

v  -  De 


TNOIflN  ISLAND  WRSHINGTDN 

stockless  ,  9000lbs. . 
-0  sTUt  - 


legend 

o  -  Crown  Penetrat  ion 
a  -  Shank  Tip  Penetration 


LEGEND 

*  “  Transverse  Rotation 
7 ~  Longitudinal  Rotation 


stabs.  48  deq.  movable  flukes 


1 


Day  *  -  176  TND 
Test  No.  -  23 
Test  Series  No.  -  0 


STATO  AkCHQO  TEST 


mi  o«if 

ICSI  *0. 

TEST  MUM 
TCSt  ARC A 
S1M1'(kD  1 1RIS 
SEAFLOOR  TVRI 
ANCHOR  TVRE 
AkCROR  HEIGHT 
FLUKE  AkCLE-ITRE. 

AC*.  ANCHOR  TTRC 

AC*.  ANCHOR  *1 ICMT 

RA |k— AC*  ANCHOR  SCRARAf ION 

CCRRESSORS iNQ.-MT .EACH-TOT AL  NT. 

ROCKING  LINE  OISCRIRTlOk 


111 

n 

0 

IkCIAN  ISLANO  HASMlkCTON 

IOSC  -  1100 

SILT 

STA10  *  3000L0S.  Hi  TH  IR  INCH  STAOILWIR  C*TCHSIONS 
1S00.QQ  LI. 

40.00  DEC.  -  0  O'ROV  l*FI* 

0.00  LO. 

0.0  Fill 

0  -  0.0  -  0.0  LO. 

1)9  FT.  2  IN.  CHAIN* )60  FT.  *.9  IN.  CHAtN.400  FT.  1  9/0  IN. 
1H»C  RORE.  )4N  FT.  •  2  Ik.  1HRC  RORE 


1 

ORAC 

DISTANCE  S. 

ROTATION  ANCLE 

9.  CHAIN 

LCNOTH 

ON  001  TON 

13.  ANCHOR  FLUKE 

TIR  OIRTH 

2 

.  OCCR 

TENSION 

0. 

SHANK 

ANCLE 

10.  CHAIN 

HEIGHT 

ON  OOTTON 

14.  HATER  OiRTN 

3 

ANCHOR  TENSION  7. 

kf RE  RORi  ANCLE 

11.  ANCHOR 

CROHN 

OIRTH 

19.  TOTAL  ROTTON 

HEIGHT 

4 

RACKACE  OCRTH  R. 

DECK  NORM.  FORCE  12.  ANCHOR 

SHANK 

TIR  OIRTH 

1 

2 

3 

4 

9 

0 

7 

• 

9 

10 

11 

12 

13 

14 

19 

FCCT 

KIRS 

KIRS 

FEET 

OCC 

CEC 

DEC 

KIRS 

FEET 

LIS 

FEET 

FEET 

FEET 

FEET 

LiS 

c.c 

29.9 

.0 

01.9 

9.0 

0.2 

13.1 

21.7 

437.0 

19479.0 

00.  • 

02.3 

09.7 

01.9 

22979.0 

2.0 

20.0 

1.0 

01.9 

4.7 

0.1 

13.1 

20.0 

441.0 

19042.3 

•  1.1 

02.2 

•9.9 

•  1.9 

23142.3 

4.3 

30.1 

2.4 

01.0 

4.0 

0.1 

13.1 

439.4 

19391.1 

01.0 

•2.1 

•9.0 

•  1.9 

22090. 3 

0.3 

31.7 

3.4 

02.7 

4.0 

0.1 

12.4 

10^9 

429.0 

19000.3 

01.9 

03.0 

06.7 

•  1.9 

22900.3 

0.4 

34.1 

9.0 

02.7 

4.0 

0.1 

12.7 

33.2 

421.0 

10670.1 

01.9 

03.0 

•6.  7 

•  1.9 

22170.3 

10. c 

39.0 

9.0 

03.0 

4.0 

9.0 

12.3 

39.0 

410.9 

10914.4 

03.0 

01.9 

•  7.  7 

•  1.9 

22014.4 

12.0 

30.9 

7.2 

03.9 

4.9 

3.0 

12.1 

30.1 

40R.I 

10020.2 

03.4 

04.1 

OR.  0 

•  1.9 

21920.2 

13.7 

39.7 

0.4 

09.0 

9.0 

2.1 

11.9 

30.9 

400.1 

17990.9 

04.0 

•9.1 

09.3 

•  1.9 

21490.9 

19.7 

42.0 

10.0 

09.7 

9.3 

1.2 

11.0 

41.7 

399.4 

17993.3 

09.0 

09.0 

90.0 

•  1.9 

21091.3 

17. • 

49.2 

14.2 

07.0 

9.3 

1.1 

11.3 

40.) 

370.9 

10907.4 

00.9 

07.1 

91.3 

•  1.9 

20007.4 

19.3 

92.1 

10.2 

•7.9 

9.0 

—3.1 

10.9 

91.1 

373.0 

10299.4 

08.4 

07.0 

92.9 

•  1.9 

19799.4 

21.6 

97.0 

19.0 

00.7 

9.0 

-4.3 

10.0 

90.7 

394.1 

19209.0 

•4.3 

00.9 

93.4 

•  1.9 

10709.0 

23.9 

04.9 

24.0 

09.0 

7.9 

-9.4 

10.9 

03.0 

3)3.0 

14200.2 

90.4 

09.4 

94.4 

01.9 

17706.2 

29.4 

09.0 

29.0 

90.0 

0.9 

-0.0 

IC.3 

00.0 

321.4 

13043.0 

91.0 

40.3 

49.4 

•  1.4 

17143.0 

27.1 

07.0 

29.4 

91.2 

0.9 

-0.0 

1C.) 

00.9 

330.4 

14090.3 

9  2.2 

90.9 

90.0 

01.9 

17990.3 

29.2 

72.0 

20.0 

91.9 

0.9 

-7.0 

10.2 

70.9 

117.0 

13492.0 

93.0 

91.0 

96.0 

•  1.9 

10992.0 

31.2 

74.0 

20.0 

92.3 

0.3 

-7.0 

10.1 

72.9 

110.7 

1J109.O 

93.4 

42.0 

97.2 

•  1.4 

10004.0 

33.0 

72.0 

27.0 

92.4 

7.9 

-7.0 

10.1 

71.9 

317.9 

13440.0 

93.9 

92.1 

97.3 

•  1.9 

10940.0 

39.2 

70.0 

30.0 

93.1 

7.7 

-0.1 

10.1 

79.0 

303.0 

12711.* 

94.3 

92.7 

90.1 

•  1.9 

10210.0 

33.0 

79.0 

31.2 

93.4 

7.7 

-0.1 

4.9 

70.4 

290.0 

12490.9 

94.0 

93.0 

40.4 

01.4 

19490.9 

3«.k 

19.3 

31.2 

93.0 

7.0 

-0.3 

4.7 

70.2 

303.0 

12791.7 

99.0 

93.4 

90.0 

•  1.0 

10291.7 

40.9 

•  l.R 

30.0 

94.0 

7.1 

-0.3 

9.0 

•0.0 

293.0 

12291.0 

99.2 

93.0 

99.0 

19791.0 

42.6 

70.9 

30.2 

94.2 

7.0 

-0.9 

4.7 

?7.0 

309.4 

12043.1 

99.9 

93.0 

99.2 

•  ilo 

10343.1 

M.l 

14.4 

32.0 

94.9 

7.0 

-0.9 

9.7 

01.2 

204  .0 

11904.3 

99.8 

94.1 

99.9 

•  1.9 

19404.3 

49. 9 

00.0 

34.4 

99.2 

7.7 

-0.9 

9.9 

•9.4 

209.2 

11020.1 

90.9 

94.0 

100.2 

•  1.9 

19321.1 

9C.9 

39.0 

93.0 

R.l 

-0.9 

9.4 

94.3 

92.0 

90.0 

•  1.9 

94.4 

00.0 

10.2 

99.1 

0.7 

-0.9 

4.4 

•  ?.4 

201.7 

11093.4 

97.1 

99.4 

100. 0 

01.9 

19193.4 

90.1 

00.4 

37.4 

90.2 

9.1 

-9.0 

9.3 

•  7.2 

200.7 

11902.* 

97.0 

99.0 

101.2 

•  1.4 

19402.0 

91.2 

09.0 

37.0 

99.7 

9.9 

9.) 

••.2 

202.4 

11000.7 

97.1 

99.3 

100.7 

•  1.9 

19100.7 

OISTANCE  RARCC  TRAVELLED  40.0 
Q I STANCE  ANCHOR  TRAVELLED  91.2 


NOTE  -  POSITIVE  SHANK 
ANCLE  INOI CATES 
SHANK  MR  RCLON 
CROHN 


0.0  5.0 


0.0 


INDIRN  ISLRND  WASHINGTON 


stato  ,  3000Lbs.  with  18  Inch  sigblUzgr  extensions. 


LEGEND 


0“  Crown  Penetration 
a  -  Shank  Tip  Penetration 


LEGEND 

#  -  Transverse  Rotation 
v  -  Longitudinal  Rotation 


LEGEND 

Chain  Weight  on  Bottor 
Anchor  Force 
Deck  Force 


< — 


— * 


- - - — - ' 


—  *- 


10.0  15.0  20.0  25.0  30.0  35.0  40.0 

Anchor  Drag  Distance 


1ST  Dili 
CSf  «0. 

1ST  RUM 
1ST  ARC* 

IMl-fkO  TIAiS 

earloor  im 
nchor  rm 

MCMOR  WEIGHT 
lUMt  ANGLE-TYRE, 

Ul.  ANCHOR  TVRE 
UX.  ANCHOR  HEIGHT 
AIM-AUR  ANCHOR  SERARAT  ION 
ERRESSORS* kO.-NT. EACH-TOTAL  NT. 
OCR  INC  LINE  OESCRIRT  ION 


ANCHOR  TEST 


I  AC  I  AN  1SLANO  NASMINCTON 

IS  AO  -  1619 

SILT 

STAIO  «6000LRS •  NORMAL  STABILISERS  SO  DEC.  MOV.  FLUKES 
6600  LI. 

SO. 00  OEC.  -  0  0-MOV  laF  IX 

0.00  LI. 

0.0  FEET 

0  -  0.0  -  0.0  LI. 

I)S  FT.  2  IN.  CHAIN, 100  FT.  2.9  IN.  CHAIN.400  FT.  I  S/I  IN. 
INRC  ROME ,  3*6  FT.  «  2  IN.  IMRC  ROME 


1.  OR AO  OISTANCE 

2.  DECK  TENSION 
1.  ANCHOR  TENSION 
4.  RACK ACE  OERTH 


ROTATION  ANCLE  9.  CHAIN  LENGTH  ON  IOTTON  n.  ANCHOR  FLUKE  TIR  OERTH 

SHANK  ANCLE  10.  CHAIN  MEICHl  ON  IOTTON  1*.  WATER  OERTH 

NIRE  RORE  ANCLE  11.  ANCHOR  CROkN  OERTH  IS.  TOTAL  IOTTON  WEIGHT 

OECK  H0RI2.  FORCE  12.  ANCHOR  SHANK  TIR  OERTH 


Da 

Test  No.  -  25 
Test  Series  No 

-25.  o  p 
-20.0  - 
-15.0  - 
-10.0- 
^  -5.0- 

: 

5.0-  '1 

10.0- 


o.c 

34. S 

•9.3 

4.2 

14.4 

13.1 

33.6 

414.4 

11309.2 

67.1 

90.0 

93.9 

•9 

2.C 

31.2 

•1.9 

3.1 

10.7 

13.9 

30.4 

429.1 

11146.7 

•  7.2 

•9.9 

93.9 

•9 

3.C 

42.7 

«««•* 

S.S 

9.3 

41.7 

367.6 

16961.4 
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LEHIGH  UNIVERSITY  BETHLEHEM.  PA  (MARINE  GEOTECHNICAL  LAB,,  RICHARDS);  Bethlehem 
PA  (Fritz  Engr.  Lab  No.  13,  Beedle);  Bethlehem  PA  (Linderman  Lib.  No. 30.  Flecksteiner) 

LIBRARY  OF  CONGRESS  WASHINGTON,  DC  (SCIENCES  &  TECH  D1V) 

MAINE  MARITIME  ACADEMY  C'ASTINE,  ME  (LIBRARY) 

MICHIGAN  TECHNOLOGICAL  UNIVERSITY  Houghton.  MI  (Haas) 

MIT  Cambridge  MA;  Cambridge  MA  (Rm  10-500,  Tech.  Reports,  Engr.  Lib  );  Cambridge  MA  (Whitman) 

NATL  ACADEMY  OF  ENG  ALEXANDRIA,  VA  (SEARLE.  JR.) 

NEW  MEXICO  SOLAR  ENERGY  INST  Dr  Zwibel  Las  Cruces  NM 
NORTHWESTERN  UNIV  Z  P  Bazant  Evanston  IL 

OREGON  STATE  UNIVERSITY  (CE  Dept  Grace)  Corvallis.  OR;  CORVALLIS.  OR  (CE  DEPT.  BELL); 
Corvalis  OR  (School  of  Oceanography) 

PENNSYLVANIA  STATE  UNIVERSITY  STATE  COLLEGE.  PA  (SNYDER),  State  College  PA  (Applied 
Rsch  Lab);  UNIVERSITY  PARK.  PA  (GOTOLSKI) 

PURDUE  UNIVERSITY  Lafayette  IN  (Leonards);  Lafayette.  IN  (Altschaeffl);  Lafayette,  IN  (CE  Engr.  Lib) 
SAN  DIEGO  STATE  UNIV.  1.  Noorany  San  Diego.  CA;  Dr.  Krishnamoorthy ,  San  Diego  CA 
SCRIPPS  INSTITUTE  OF  OCEANOGRAPHY  LA  JOLLA,  CA  (ADAMS) 

SEATTLE  U  Prof  Schwaegler  Seattle  WA 

SOUTHWEST  RSCH  INST  King,  San  Antonio.  TX;  R.  DeHart,  San  Antonio  TX 
STANFORD  UNIVERSITY  Engr  Lib,  Stanford  CA;  STANFORD.  CA  (DOUGLAS) 

STATE  UNIV.  OF  NEW  YORK  Buffalo.  NY;  Fort  Schuyler,  NY  (Longobardi) 

TEXAS  A&M  UNIVERSITY  College  Station  TX  (CE  Dept.  Herbich);  W.B.  Ledbetter  College  Station,  TX 
UNIVERSITY  OF  CALIFORNIA  BERKELEY.  CA  (CE  DEPT,  GERWICK);  BERKELEY.  CA  (CE  DEPT. 
MITCHELL);  Berkeley  CA  (B.  Bresler);  Berkeley  CA  (Dept  of  Naval  Arch.);  Berkeley  CA  (E.  Pearson); 
DAVIS.  CA  (CE  DEPT.  TAYLOR);  La  Jolla  CA  (Acq.  Dept.  Lib.  C-075A);  M.  Duncan,  Berkeley  CA; 
SAN  DIEGO.  CA.  LA  JOLLA.  CA  (SEROCKI) 

UNIVERSITY  OF  CONNECTICUT  Groton  CT  (Inst.  Marine  Sci.  Library) 

UNIVERSITY  OF  DELAWARE  Newark.  DE  (Dept  of  Civil  Engineering.  Chesson) 

UNIVERSITY  OF  HAWAII  HONOLULU,  HI  (SCIENCE  AND  TECH.  DIV  );  Honolulu  HI  (Dr.  Szilard); 
Ocean  Engmg  Dept 

UNIVERSITY  OF  ILLINOIS  Metz  Ref  Rm.  Urbana  IL;  URBANA.  IL  (DAVISSON);  URBANA.  IL 
(LIBRARY);  URBANA,  IL  (NEWMARK) 

UNIVERSITY  OF  MASSACHUSETTS  (Heronemus).  Amherst  MA  CE  Dept 
UNIVERSITY  OF  MICHIGAN  Ann  Arbor  MI  (Richart) 

UNIVERSITY  OF  NEBRASKA-LINCOLN  Lincoln.  NE  (Ross  Ice  Shelf  Proj.) 

UNIVERSITY  OF  NEW  HAMPSHIRE  DURHAM,  NH  (LAVOIE) 

UNIVERSITY  OF  NOTRE  DAME  Katona.  Notre  Dame.  IN 
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UNIVERSITY  OF  PENNSYLVANIA  PHILADELPHIA.  PA  (SCHOOL  OF  ENGR  &  APPLIED  SCIENCE, 
ROLL) 

UNIVERSITY  OF  RHODE  ISLAND  KINGSTON,  RI  (PAZIS);  Narraganselt  RI  (Pell  Marine  Set  Lib  ) 

UNIVERSITY  OF  SO.  CALIFORNIA  Univ  So  Calif 

UNIVERSITY  OF  TEXAS  Inst.  Marine  Sci  (Library),  Port  Arkansas  TX 

UNIVERSITY  OF  TEXAS  AT  AUSTIN  Austin  TX  (R.  Olson) 

UNIVERSITY  OF  WASHINGTON  Seattle  WA  (M.  Sherif);  Dept  of  Civil  Engr  (Dr.  Mattock),  Seattle  WA; 
SEATTLE,  WA  (APPLIED  PHYSICS  LAB);  SEATTLE,  WA  (MERCHANT);  SEATTLE,  WA  (OCEAN 
ENG  RSCH  LAB,  GRAY);  SEATTLE,  WA  (PACIFIC  MARINE  ENVIRON  LAB  .  HALPERN);  Seattle 
WA  (E.  Linger);  Seattle,  WA  Transportation,  Construction  &  Geom.  Div 
VIRGINIA  INST.  OF  MARINE  SCI.  Gloucester  Point  VA  (Library) 

ALFRED  A.  YEE  &  ASSOC.  Honolulu  HI 

AMETEK  Offshore  Res.  &  Engr  Div 

AMSCO  Dr  R.  McCoy,  Erie,  PA 

ARCAIR  CO.  D.  Young,  Lancaster  OH 

ARV1D  GRANT  OLYMPIA.  WA 

ATLANTIC  RICHFIELD  CO.  DALLAS,  TX  (SMITH) 

BATTELLE-COLUMBUS  LABS  (D.  Hackman)  Columbus,  OH 
BECHTEL  CORP  SAN  FRANCISCO,  CA  (PHELPS) 

BELGIUM  HAECON,  N  V  .  Gent 

BETHLEHEM  STEEL  CO  Dismuke,  Bethelehem.  PA 

BOUW  KAMP  INC  Berkeley 

BRAND  INDUS  SERV  INC.  J.  Buehler,  Hacienda  Heights  CA 
BRITISH  EMBASSY  Sci  &  Tech.  Dept.  (J.  McAuley),  Washington  DC 
BROWN  &  CALDWELL  E  M  Saunders  Walnut  Creek,  CA 
BROWN  &  ROOT  Houston  TX  (D  Ward) 

CANADA  Can-Dive  Services  (English)  North  Vancouver;  Library.  Calgary.  Alberta;  Lockheed  Petro  Sere- 
Ltd,  New  Westminster  B.C.;  Lockheed  Petrol.  Srv.  Ltd..  New  Westminster  BC;  Mem  Univ  Newfoundland 
(Chari).  St  Johns;  Nova  Scotia  Rsch  Found.  Corp.  Dartmouth.  Nova  Scotia;  Surveyor.  Nenninger  & 
Chenevert  Inc  ,  Montreal;  Trans-Mnt  Oil  Pipe  Lone  Corp.  Vancouver,  BC  Canada;  Warnock  Hersev  Prof 
Srv  Ltd,  La  Sale.  Quebec 

CHEVRON  OIL  FIELD  RESEARCH  CO.  LA  HABRA,  CA  (BROOKS) 

COLUMBIA  GULF  TRANSMISSION  CO  HOUSTON.  TX  (ENG  LIB  ) 

CONCRETE  TECHNOLOGY  CORP  TACOMA,  WA  (ANDERSON) 

CONTINENTAL  OIL  CO  O.  Maxson.  Ponca  City,  OK 
DILLINGHAM  PRECAST  F  McHale,  Honolulu  HI 
EVALUATION  ASSOC  INC  KING  OF  PRUSSIA.  PA  (FEDELE) 

EXXON  PRODUCTION  RESEARCH  CO  Houston.  TX  (Chao) 

FRANCE  Dr.  Dutertre,  Boulogne;  L.  Pliskin,  Paris;  P.  Jensen,  Boulogne;  Roger  LaCroix.  Paris 
GEOTECHNICAL  ENGINEERS  INC.  Winchester.  MA  (Paulding) 

GOULD  INC.  Shady  Side  MD  (Ches.  Inst.  Div.,  W  Paul) 

GRUMMAN  AEROSPACE  CORP.  Bethpage  NY  (Tech.  Info.  Ctr) 

HALEY  &  ALDRICH.  INC.  Cambridge  MA  (Aldrich,  J  ) 

ITALY  M.  Caironi,  Milan;  Sergio  Tattoni  Milano 

LAMONT-DOHERTY  GEOLOGICAL  OBSERV.  Palisades  NY  (McCoy):  Palisades  NY  (Selwvn) 

LIN  OFFSHORE  ENGRG  P  Chow,  San  Francisco  CA 

LOCKHEED  MISSILES  &  SPACE  CO.  INC.  L.  Trimble.  Sunnyvale  CA;  Sunnyvale  CA  (Rynewicz); 
Sunnyvale.  CA  (K.L.  Krug) 

LOCKHEED  OCEAN  LABORATORY  San  Diego  CA  (F  Simpson) 

MARATHON  OIL  CO  Houston  TX 

MARINE  CONCRETE  STRUCTURES  INC  MEFAIRIE.  LA  (INGRAHAM) 

MC  CLELLAND  ENGINEERS  INC  Houston  TX  <B  McClelland) 

MEXICO  R,  Cardenas 

MOBIL  PIPE  LINE  CO  DALLAS,  TX  MGR  OF  ENGR  (NOACK) 

MOFFATT  &  NICHOL  ENGINEERS  (R.  Palmer)  Long  Beach,  CA 

NEWPORT  NEWS  SHIPBLDG  &  DRYDOCK  CO  Newport  News  VA  (Tech.  Lib  ) 

NORWAY  A  Torum.  Trondheim;  DET  NORSKE  VERITAS  (Library).  Oslo.  DET  NORSKE  VERITAS 
(Roren)  Oslo;  I.  Foss.  Oslo;  J.  Creed,  Ski;  Norwegian  Tech  Univ  (Brandtzaeg).  Trondheim 
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OCEAN  ENGINEERS  SAUSALITO.  CA  (RYNECKI) 

OCEAN  RESOURCE  ENG  INC  HOUSTON,  TX  (ANDERSON) 

PACIFIC  MARINE  TECHNOLOGY  Long  Beach,  CA  (Wagner) 

PRESCON  CORP  TOWSON,  MD  (KELLER) 

R  J  BROWN  ASSOC  (McKeehan).  Houston,  TX 
RAND  CORP  Santa  Monica  CA  (A.  Laupa) 

RAYMOND  INTERNATIONAL  INC.  E  Colle  Soil  Tech  Dept,  Pennsauken,  NJ 
RIVERSIDE  CEMENT  CO  Riverside  CA  (W.  Smith) 

SANDIA  LABORATORIES  Library  Div.,  Livermore  CA;  Seabed  Progress  Div  4536  (D.  Talbert)  Albuquerque 
NM 

SEATECH  CORP  MIAMI.  FL  (PERONI) 

SHELL  DEVELOPMENT  CO  Houston  TX  (C.  Sellars  Jr  );  Houston  TX  (E.  Doyle) 

SHELL  OIL  CO.  HOUSTON,  TX  (MARSHALL);  Houston  TX  (R.  de  Castongrene);  I.  Boaz,  Houston  TX 
SWEDEN  GeoTech  Inst;  VBB  (Library),  Stockholm 
TECHNICAL  COATINGS  CO  Oakmont  PA  (Library) 

TIDEWATER  CONSTR.  CO  Norfolk  VA  (Fowler' 

TRW  SYSTEMS  CLEVELAND,  OH  (ENG.  LIB  ),  REDONDO  BEACH,  CA  (DAI) 

UNITED  KINGDOM  A.  Denton,  London;  Library,  Bristol;  R.  Browne,  Southall,  Middlesex;  Taylor, 

Woodrow  Constr  (014P).  Southall,  Middlesex;  Univ.  of  Bristol  (R.  Morgan),  Bristol 
WESTINGHOUSE  ELECTRIC  CORP  Annapolis  MD  (Oceanic  Div  Lib.  Bryan) 

WESTINTRUCORP  Egerton,  Oxnard,  CA 

WM  CLAPP  LABS  -  BATTELLE  DUXBURY,  MA  (LIBRARY);  Duxbury,  MA  (Richards) 
WOODWARD-CLYDE  CONSULTANTS  (A  Harrigan)  San  Francisco;  PLYMOUTH  MEETING  PA  (CROSS, 
III) 

AL  SMOOTS  Los  Anueles,  CA 
ANTON  TEDESKO  Bronxville  NY 
BARA,  JOHN  P.  Lakewood,  CO 
BRAHTZ  La  Jolla,  CA 
BULLOCK  La  Canada 
F.  HEUZE  Alamo,  CA 
LAYTON  Redmond,  WA 
WM  TALBOT  Orange  CA 
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